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ABSTRACT

This document presents the rationale and procedures used in the radiometric

calibration and correction of Heat Capacity Mapping Mission (HCMM ) data.

Instrument-level testing and calibration of the Heat Capacity Mapping Radiometer
(HCMR) were performed by the sensor contractor ITT Aerospace/Optical Division.
The principal results are included in this document. From the instrumental
characteristics and calibration data obtained during ITT acceptance tests, an
algo~ithm for post-launch processing was developed.

Integrated spacecraft-level sensor calibration was performed at Goddard Space Flight
Center (GSFC) approximately 2 months before launch. This calibration provided an
opportunity to validate the data calibration algorithm. Instrumental parameters and
results of the validation are presented in this document. In addition, the performances
of the instrument and the data system after launch are examined with respect to the
radiometric results. Anomalies and their consequences are discussed. Flight data
indicated a loss in sensor sensitivity with time. The loss was shown to be recoverable
by an outgassing procedure performed approximately 65 days after the infrared channel
was turned on. It is planned to repeat this procedure periodically.

*This work performed while affiliated with Computer Sciences Corporation.

i

PRECEDING PAGE BLANK NOT FILMED

B T N I

—

[



v ic g 1R

Results of comparisons between satellite measurements and surface measurements
taken at White Sands, New Mexico, are also presented. Surface IR measurements are
approximately 6 degrees Kelvin higher than satellite measurements. Due to a lack of
alternative solution, the calibrated data were offset to ensure agreement with surface
measurements. The validity of this change will be verified by comparing the data with

the surface values obtained by various experimenters and from additional White Sands

data.
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SECTION 1 ~ INTRODUCTION

1.1 BACKGROUND

The Heat Capacity Mapping Mission (HCMM) is the first of a series of scheduled
missions to support the Applications Explorer Mission (AEM) project and has
been designated AEM-A. The AEM-A spacecraft carries a Heat Capacity Map-
ping Radiometer (HCMR) instrument designed to monitor infrared radiation
from the Earth in two spectral bands. The spacecraft is composed of two dis-
tinct modules: (1) the base module, which contains the attitude control, power,
and data handling equipment (except for science sensor equipment), and (2) the
instrument module, which contains the HCMR and its supporting electronics,

etructure, and thermal control.

In April 1978, the AEM-A spacecraft was launched and injected into a near-
Earth, 600-kilometer, circular, Sun-synchronous orbit with a nominal 2 p.m.
ascending node and a 97.79-degree inclination. The expected scientific lifetime
of the spacecraft is 1 year from launch. HCMM is a real-time-only mission.
Science data, consisting of data from two analog radiometer channels, are
subcarrier-multiplexed on a real-time S-band link. Housekeeping data, includ-
ing attitude and some radiometer calibration data, are formatted into biphase
pulse code modulation (PCM) and transmitted on a very-high-frequency (VHF)
link, These PCM data are also transmitted on a subcarrier of the S-band link.

Subcarrier assignmentr for the link are as follows:

® 800 kilohertz: HCMR thermal channel
° 480 kilohertz: HCMR visible channel
° 70 kilohertz: spacecraft PCM

1.2 HCMR

The HCMR {8 a two-channel scanning/imaging radiometer. The two channels
contain the spectral intervals of 0.55 to 1.1 microns and 10.5 to 12,5 microns

O
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and share a common collecting optical system having an instantaneous field of
view of 0.83 % 0.17 milliradian. Table 1-1 describes HCMR system charac-

teristics. Figures 1-1 and 1-2 show the locations of the pertinent features of
the HCMR.

Figure 1-3 is a simplified block diagram of the HCMR electronics. The HCMR
electronics transmits to the spacecraft two channels of video data synchronized
with the spacecraft clock and the rotation of the HCMR scan mirror. The input
signals to the HCMR are the spacecraft +28, 0-volts-direct-current (VDC) bus;
clock signals of 70 kilohertz, 14 kilohertz, and 560 hertz two~phase; and space-
craft commands to the HCMR to implement the available modes of operation.
Ti:2 HCMR electronics provides power conversion, timing and control, signal
generation, digital and analog telemetry for verification of operation, and sig-
nal amplification for required operation,

The basic blocks of the HCMR electronics are as follows:

1. Infrared data amplifiers

2. Visible data amplifiers

3. Power converter

4. Voltage regulators

5. Timing and control circuits

6.  Calibration signal generation circuits
7.  Analog telemetry circuits

8. Command and digital telametry circuits

The HCMR scan sequence, angular representations for various quantitites, and
the corresponding times are provided in Figures 1-4 and 1-5. Table 1-2 pro-
vides digital and analog telemetry listings.

1.3 DOCUMENT OVERVIEW

Section 2 of this document presents instrumental parameters and calibration
data from ITT Aerospace acceptance tests. Only those results that pertain to

l‘.}
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Table 1-1. HCMR System Characteristics (1 of 2)

PARAMETER

1

VALUE/DESCRIPTION

DESIGN PARAMETERS

WAVELENGTH BAND AT HALF-POWER POINTS
FIELD OF VIEW

GROUND RESOLUTION (SUBSATELLITE POINT AT
600 KILOMETERS)

OPTICAL SPEED

COLLECTING APERTURE DIAMETER
DETECTOR TYPE

OPERATING TEMPERATURE

SCAN RATE

INFORMATION BANDWIDTH

DYNAMIC RANGE

CHANNEL 2
CHANNEL 1

0.65 TO 1.1 MICRONS, 10.5 TO 12.5 MICRONS
0.83 MILLIRADIAN

0.5 KILOMETER

1/0.82

8.0 INCHES

HgCdTe—SILICON

115 DEGREES KELVIN (K} (AMBIENT)
14.0 REVOLUTIONS PER SECOND
53.0 KILOHERTZ

260 TO 340 DEGREES K
0- TO 100-PERCENT ALBEDO

PERFORMANCE CHARACTERISTICS

NOISE EQUIVALENT TEMPERATURE DIFFERENCE
(NETD) (CHANNEL 2)

SIGNAL-TO-NOISE RATIO (CHANNEL 1)

0.3 DEGREE K AT 280 DEGREES K
10 AT 1.0-PERCENT ALBEDO

PHYSICAL CHARACTERISTICS

WEIGHT
SIZE
POWER (HIGH-LOW)

53.8 POUNDS
22 BY 12 BY 17 INCHES
24.0WATTS-21.0 WATTS

OPTICAL PARAMETERS

INSTANTANEOUS FIELD OF VIEW
TELESCOPE

TYPE

CLEAR APERTURE DIAMETER

F-NUMBER (PRIMARY)

EXIT BEAM DIAMZTER

MIRROR SUBSTRATE MATERIAL

PRIMARY SECONDARY SPACER MATERIAL
COATING

SYSTEM OPTICAL PARAMETERS, NEAR-INFRARED
CHANNEL

RELAY

EFFECTIVE SYSTEM FOCAL LENGTH

SQUARE, 0.83 MILLIRADIAN ON AN EDGE

AFOCAL DALL-KIRKAM

8.00 INCHES

092

1.00 INCH

CERVIT

INVAR

ALUMINIZED WITH KANIGEN PROCESSING
COATING

AIRSPACE TRIPLET, 32-MILLIMETER
FOCAL LENGTH
286.0 MILLIMETERS




‘d

LR SR S

T

B

—

. I

Table 1-1. HCMR System Characteristics (2 of 2)

PARAMETER

l

VALUE/DESCRIPTION

OPTICAL PARAMETERS (CONT’D)

FNUMBER®

FIELD STOP EDGE WIDTH

DIAMETER OF BLUR SPOT, ON AXIS

DIAMETER OF BLUR SPOT, FIELD CORNER

MODULAR TR {NSFER FUNCTION {ON AXIS)
AT THREE LINE PAIRS PER MI{LIMETER

MODULAR TRANSFER FUNCTION (FIELD)
CORNER) AT THREE LINE PAIRS PER MILLI-
METER

FOCUS ADJUSTMENT

CLEAR APERTURE

SYSTEM OPTICAL PARAMETERS, FAR INFRARED
CHANNEL

RELAY

EFFECTIVE SYSTEM FOCAL LENGTH

FIELD STOP EDGE WIDTH

F-NUMBER

DIAMETER OF BLUR $SPOT, ON AXIS

DIAMETER OF BLUR SPOT, FIELD CORNER

MODULAR TRANSFER FUNCTION (ON AXIS)
AT 2.8 LINE PAIRS PER MILLIMETER

MODULAR TRANSSER FUNCTION (FIELD
CORNER) AT 3.6 LINE PAIRS PER MiILLI-
METER

FOCUS ADJUSTMENT (AIR SPACE BETWEEN
FOCUS LENS AND APLANAT)

CLEAR APERATURE

1.26

0.0084 INCH
0.0016 INCHP
0.0022 INCHP

99.3 PERCENT

99.2 PERCENT
$0.0326 INCH
6.58 INCHES®

SINGLE GERMANIUM FOCUS LENS WITH
GERMANIUM APLANAT LENS; 23.776-MiLLI-
METE' FOCAL LENGTH

190.2 MILLIMETERS
0.0062 INCH

0.936

0.0012 INCH®
0.0042 1:CHY

90.0 PERCENT

96.8 PERCENT

10.141 INCH
8 INCHES

SF-NUMBER DEFINED AS EFFECTIVE FOCAL LENGTH DIVIDED 8Y CLEAR APERTURE DIAMETER
B2OR SPECTRAL BAND FROM 0.80 TO 1.10 MICROMETERS AND 100-PERCENT ZNIIRGY
LIMITED BY $1ZE OF RELAY LENS; COULD NOT BE CHANGED WITHOUT EXTENSIVE REDESIGN

920R 100-PERCENT ENERGY

(e)
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0
P
Q
A <«
B
c
D
E

REFERENCE ANGLE TIME
LETTER (DEGREES) {ms)

A 0 0

B 36 0.714

C 216 4.28
D 34.2 6.79
E 429 8.51
F 109 21.63
G 175.1 34.74

H 189 375

| 2394 475
J 2704 63.66
K 278.3 56.22
L 304.2 60.36
M 3114 61.78
N 3186 63.21
(o] 326.8 64.64
P 333.0 66.07
Q 351.0 69.64

ORIGINAL PASE 1S
JF POOR QUALITY

—>G

EVENT

BEGIN SYNC PULSE #1

END SYNC PULSE #1

BcGIN INPUT CALIBRATION
END INPUT CALIBRATION
BEGIN EARTH SCAN

NADIR

END EARTH SCAN

BEGIN OUTPUT CALIBRATION
END OUTPUT CALIBRATION
BEGIN INTERNAL TARGET VIEW
COMPLETE INTERNAL TARGET VIEW

BEGIN INTERNAL TARGET
TEMPERATURE TELEMETRY

END INTERNAL TARGET
TEMPERATURE TELEMETRY

BEGIN SYNC PULSE #2
END SYNC PULSE #2
BEGIN PRECURSOR BURST
END PRECURSOR BURST

Figure 1-4. HCMR Scan Sequence
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Table 1-2. HCMR Telemetry List

FUNCTION

SAMPLE RATE
(PER SECOND)

ANALOG TELEMETRY

+15-VOLT MONITOR

+5-VOLT MONITOR

-15-YOLT MONITOR

TELEMETRY POWER

MOTOR DRIVE CURRENT

CONE COVER POSITION
ELECTRONICS TEMPERATURE
BASEPLATE TEMPERATURE

CONE TEMPERATURE

PATCH TEMPERATURE
BLACKBODY TEMPERATURE 1
BLACKBODY TEMPERATURE 2
PURGE PRESSURE

CONE WALL HOUSING TEMPERATURE
PATCH POWER

ELECTRONICS CURRENT

OFFSET VOLTAGE

MOMENTUM COMPENSATOR SPEED
SCAN MOTOR SPEED

MOTOR HOUSING TEMPERATURE

- d A A o b

1/8
1/8
1/8

—
- ed wh o o, v b b

1/8

DIGITAL TELEMETRY
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the radiometric calibration and correction of HCMM data are included. Sec-
tion 3 contains a review of the entire HCMM primary processing scheme and
describes the basis and development of the HCMM radiometric correction algo-
rithm. Section 4 presents the results from the integrated spacecraft calibration
performed at Goddard Space Flight Center (GSFC). Data taken during this cali-
bration were used to validate the algorithm developed earlier. Results of this
validation are also included in Section 4. Section 5 examines the performance
of the instrument and the data system after launch with respect to the radio-
metric results. Anomalies and their consequences discovered in the perform-
ance of the sensor are discussed. Results of comparisons between satellite
and ground measurements taken at White Sands, New Mexico, are also pre-

sented.
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SECTION 2 - INSTRUMENTAL PARAMETERS AND CALIBRATION
DATA FROM ITT ACCEPTANCE TESTS

The final performance characteristics of the HCMR were determined by ITT
Aerospace, the instrument manufacturer, in a series of tests conducted at the
ITT facility as part of the acceptance procedures. The test results and sup-
plemental information on the HCMR were presented in two reports by ITT
(References 1 and 2). Because the algorithm developed for interpreting the
data was a function of the particular characteristics of the instrument, it is
necessary to refer to these data frequently. To facilitate this, many of the re-
sults and calibrations presented by ITT are reproduced in this section as a
reference source for following sections. Because this document deals ri-
marily with the radiometric calibration, only those results pertinent to a radi-
ometric evaluation of the data are presented. Additional information may be

found in the original documents (References 1 and 2).
2.1 TELEMETRY AND ELECTRONIC PERFORMANCE

Table 2-1 lists all of the analog telemetry parameters associated with the HCMR
and presents measured values of these parameters as functions of baseplate
temperature covering the test range of 5 degrees Celsius (C) to 40 degrees C.

Table 2-2 records the measured voltages for the input and output calibration
steps for both channels as functions of baseplate temperature.

Table 2-3 lists the measured values of the noise equivalent temperature (NEAT)
in the infrared channel and the signal-to-noise ratio in the visible channel at
selected baseplate temperatures.

2.2 VISIBLE CHANNEL DATA

Table 2-4 lists the measured spectral data for the various optical components
of the visible/near-infrared channel.

12
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Table 2-2.

HCMR Calibration Steps

STEP BASEPLATE TEMPERATURE (DEGREES C)
NUMBER
+5 +10 ] +15 i +20 ] +25 ] +30 ] +35 ] +40
NEAR-INFRARED INPUT (VOLTS)
1 - -0.002 | -0.002 0.002 -0.002 0.001 0.007 0.003
2 - 1.003 1.004 1.006 0.997 1.001 1.006 1.002
3 - 1982 1.982 1.986 1.976 1.979 1.986 1.980
4 - 2.989 2.990 2.989 2.980 2.983 2.939 2984
5 - 3.957 3.968 3.967 3.958 3.961 3967 3.964
6 - 4983 4.987 4983 4974 4977 4984 4977
7 - 5957 5.964 5.962 5.952 5.953 5.962 5.953
NEAR-INFRARED OUTPUT (VOLTS)
1 - 0.011 0.002 0.006 0.006 0.002 0.008 0.008
2 - 0978 0.969 0.969 0.970 0.969 0.969 0.969
3 - 1.976 1.967 1.972 1.968 1.966 1870 1.9687
4 - 2.951 2.947 2.948 2.947 2.945 2947 2.945
5 - 3.958 3.954 3.954 3.956 3.952 3.952 3954
6 - 4934 4929 4928 4929 4926 4.929 4927
7 - 5.928 5.926 5.924 5.922 5.923 5.925 5.923
INFRARED INPUT (VOLTS)
1 0.102 0.104 0.102 0.104 0.102 0.102 0.101 0.098
2 1.062 1.062 1.060 1.066 1.068 1.057 1.080 1.053
3 1.987 1.991 1.988 1.986 1.991 1.980 1.991 1.988
4 2.945 2.945 2.942 2.940 2.943 2.944 2.946 2.942
5 3.887 3.883 3.874 3877 3.875 3875 3878 3873
6 4855 4.852 4.848 4842 4847 4.849 4852 4843
? 5.789 5.783 5.778 5.778 5.780 5.783 5.783 5.777
INFRARED OUTPUT (VOLTS)
1 0.012 0.008 0.007 0.010 ocn 0.008 0.007 0.010
2 0975 0.970 0.966 0.960 0.0% 0.969 0.968 0.968
3 1.966 1.964 1.964 1.962 1.962 1.962 1961 1.960
4 2.940 2.938 2.936 2936 2.938 2936 2938 29%
5 3.949 3.947 3.947 3.044 3.044 3.944 3.942 3.942
6 4926 4922 4919 4.921 4919 4917 4919 914
) 5921 5.918 5.918 5914 5.917 5012 5913 5.910
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Figure 2-1 shows the relative spectral response of the HCMR detector for

channel 1.

Table 2-5 presents the results of the visible channel calibration in units of
equivalent albedo. The albedo has been adjusted to account for differences in
brightness temperature between the calibration target and the solar spectrum
by normalizing solar spectrum. Figure 2-2 presents these data in a graphical

format.
2.3 INFRARED CHANNEL DATA

Table 2-6 lists the measured spectral data for the various optical components
in the spectral range of the infrared channel.

Figure 2-3 is a plot of the relative spectral response of the HgCdTe detector

at 115 degrees K. Figure 2-4 is a plot of the transmission characteristics of
the germanium band pass fllter used with this detector. Figure 2-5 is a plot

of the total relative response of the infrared channel.

Table 2-7 lists the calibration results for the infrared channel with 17 scene
temperatures and 10 baseplate temperatures. Figure 2-6 shows the family of
curves obtained by plotting the calibration values of Table 2-7.

Figure 2-7 is a plot of the difference between the blackbody temperature as in-
dicated by the thermistors in channel 2 and the temperature obtained from the
blackbody located in the backscan position of the radiometer. This quantity,
ATBB , is assumed to be the result of a thermal gradient between the thermal
location on the backstructure of the reference blackbody and the radiating sur-
face of this blackbody. It should be noted that this thermal gradient, ATBB.
will remain as presented in Figure 2-7 unless the thermal environment of the
instrument changes. Thus the preflight values will be the proper values for

postflight processing if the space environment has been properly simulated in
these thermal-vacuum tests.
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Figure 2-1. HCMR Detector Response for Channel 1
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Table 2-5. Near-Infrared Calibration
NUMBER OF ECUIVALENT A o D
LAMPS.ON? ALBEDO A

8 102.3 6.0890
7 89.3 5.3186
8 76.2 45534
5 63.6 3.7870
4 514 3.0438
2 38.1 2.2546
2 25.1 1.4869
1 12.3 0.7235
0 0 0.0194

8GSFC 30-INCH INTEGRATION SPHERE NUMBER 61400-6-7
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"9
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Figure 2-2. Near-Infrared Calibration
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Figure 2-3. Spectral Response of HCMR HgCdTe
(Serial Number T-1) at 115 degrees K
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2.4 OPTICAL REGISTRATION DATA

Table 2-8 presents the instantaneous field of view (IFOV), the channel registra-
tion, and the system modular transfer function (MTF) for both channels for

three baseplate temperatures.
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SECTION 3 - DATA PROCESSING ALGORITHM FOR RADIOMETRIC
CALIBRATION AND CORRECTION

3.1 FUNCTIONAL DESCRIPTION OF HCMM PRIMARY DATA PROCESSING

To understand the context in which t:e radiometric calibration and correction
is performed, it is useful to review the entire HCMM primary processing
scheme. The two data channels from the experiment are transmitted to the
ground as analog signals multiplexed on the 2248, 0- megahertz S-band link.
The PCM huusekeeping telemetry stream is also multiplexed on this data link.
To make the data available for the extensive digital processing that it will
eventually undergo, a significant amount of preprocessing is required. Apart
from the original reception of the data and its recording, most of this preproc-
essing is performed in a special-purpose system developed to handle the data

gtream.

The specific functions performed by the preprocessor are the demultiplexing
of the composite video that has been received and recorded at the ground sta-
tion, a scan line synchronization of both the visible and infrared scan lines,
and an analog-to-digital conversion of each of the two scan lines at 125 kilo-
hertz. Because not all of the scan line i8 used in later processing, the pre~
processor selectively extracts for digitization only those portions of the scan
line that will be later processed. Because the housekeeping telemetry is
processed as part of the VHF link, this processing is not duplicated for the
S-band link. Several housekeeping parameters do affect the radiometric cali-
bration; these parameters are extracted from the PCM contained on the com-
posite video and are processed and included with the channel 1 and channel 2
digitized output. The primary output of the preprocessor, then, is a high-
density tape that will be used as an input to the second step; this tepe contains
the digitized data from channel 1 and channel 2 as well as selected housekeeping
parameters. In addition, this preproceasing phase produces statistics and
hardcopies of selected image data for quick-look assessment.
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The second phase of the processing, which is performed on the Master Data
Processor (MDP), accepts the output high-density tape from the preproccssor,
corr putes radiometric calibration coefficients, and radicmetrically corrects
the data., 1ne MDP then computes geometric correction coefficients, geo-
metrically corrects the data, frames the input data into approximately
700-kilometer-by-700-kilometer frames, and generates the necessary annota-
tion. Finally the MDP produces a fully corrected archival high-density tape.
Further processing of the data (e.g., for night/day registration) is performed
on a selected basis by other systems. The radiometric correction discussed
in detail in this section is one of the two corrcctions applied in the main proc-

essing cycle.
3.2 BASIS OF HCMR RADIOMETRIC CORRECTION ALGORITHM

The calibration procedure described here has the specific purpose ~f accepting
the digitized radiometer scan data developed by the preprocessor and converting
them to values that can be directly interpreted as measurements of scientifically

significant parameters such as radiance and brightness temperature.

The input to this processing step received from the preprocessor consists of
three separate sets of data:

1. Instrument data from channel 1 (visible/near infrared, 0.5 to
1.1 micrometers)

2.  Instrument data from channel 2 (infrared, 10.5 to 12.5 micrometers)
3. Selected housekeeping parameters

The two data channels each produce a full scan every 1/14 second, whereas
housekeeping returns instrumental parameters only once every 1 to 8 seconds
when in the orbital mode. Housekeeping data used in the reduction of the data
channels will be processed on a currently available basis.
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The instrument data channels contain two types of information: primary scan
data and calibration and performance data. Because the calibration and house-
keeping data are relatively stable, an averaging scheme is employed to minimize
random noise in these parameters. Because of the possibility of scan-to-scan
bounce, however, the averaging scheme will allow averaging over a requested

number of scans (N). If N is get to 1, no averaging ig perfcrr.ed,

The radiometric calibration of the HCMR is predicated on the following assump-

tions:

1. The response of the instrument will be as detailed in the system
calibration data presented in Reference 1, with the apprcpriate modifications
obtained from the system thermal-vacuum testing and the in-flight calibration
data. The system performance during the ITT acceptance testing and calibra-
tion will be regarded as niominal, and the calibration values recorded in the
supporting documents will be accepted as the nominal values for the mission.

2,  The onboard electronic calibration sequence will be used to cali~
brate current instrument voltages, and the voltage levels of the calibration

staircase will be assumed to remain at their nominal values during the mission.

3. A cubic expression may be used to transform current instrument
voltages to calibrated values,

4, The near-linear character of the voltage response of the infrared
detector with respect to radiant energy input, as indicated in the acceptance

calibration, will persist throughout the mission even if the sensitivity of the
detector should change.

5.  For the visible channel (channel 1), because no in-flight calibration
is performed, the preflight calibration will not change during the mies‘on,
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6. The space clamp wiil maintain the output voltage at zero volts for
the vigible channel and minus the offset bias voltage (V OFF) for the infrared
channel when the radiometer has the near-zero radiance input of space. (The

-V OFF level will be out of range for the telemetry data and will be represented

by the limiting value of zero volts.)

7. For the infrared channel (channel 2), the offset bias voltage (VOFF)
applied to the output to maintain the proper range will be proportional to the

monitored supply voltage and is not expected ‘o change during the migsion,

8. The response of the thermistors and the emissivity of the internal
calibration blackbody will not change from nominal during the mission. In addi-
tion, the thermal characteristics of the calibration blackbody will not change

from nominal unless the ingtrumental environment changes and independent data

confirms that such a change has occurred.

9. The internal calibration blackbody will be used to verify the nominal
calibration for the infrared channel (channel 2) as well as to modify the nominal
calibration as necessary. Should the blackbody temperature derived from the
thermistor measurements be significantly different from that obtained from the
radiometer with the nominal calibration, however, an unanticipated system
change would be indicated, and the calibration would be subject to reexamination
and possible modification using other data such as ground truth measurements.

The validity of these assumptions will be continuously verified to some extent
by the calibration program itself so that remedial procedures can be deter-

mined and implemented as the need arises.

Preflight constants for HCMM radiometric calibration are preeented in
Table 3-1.
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3.3 MASTER OUTPUT TABLE CONCEPT

Because of system limitations such as instrumental precision and the proc-
essing characteristics of the data handling system, both the input and the out-
put of the calibration process will be contained in an eight-bit word. To
properly represent the physical quantities that are being sought, master output
tables will be used in which appropriate values in radiance units as well as
equivalent blackbody temperature and normalized albedo will be listed. These
tables are generated so that they include the range of values the instrument is
to measure with a maximum increment between successive values that are less
than or equal to the system precision. Because these tables need only be up-
dated if profound changes occur in the instrumental characteristics, they are
expected to remain fixed during the entire mission. The scan data calibration,
then, consists of transforming the counts digitized from the video data stream
for both channels 1 and 2 to indices for the master calibration tables, thus
eliminating the recessity of several repeated calculations. The eight-bit for-
mat dictates that the table will have 256 entries.

For the visible channel (channel 1), one table will give the normalized albedo
for each of the 256 outputs covering the range of the instrument. The albedo
entries will extend from 0.00 to 1.00 and will represent the ratio of the ra-
diance values measured to the radiance expected from a perfectly reflecling °
Lambertian surface illuminated by the Sun at vertical incidence. The table
entries will be uniformly distributed in albedo. A secondary table will provide
the equivalent radiance for each of the albedo values.

For the infrared channel (channel 2), there will be two tables, the first repre-
senting the equivalent blackbody temperature and the second giving the radiance
values as determined by the Planck function. Because of the channel's near-
linearitv, the 256 values will be approximately uniformly distributed in radiance
with the corresponding nonuniform distribution for the temperature table. The
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limits for both tables will be set by the condition that the extreme values for

the equivalent blackbody temperature table will be 260 degrees K and 340 de-
grees K.

Once the master calibration tables are completely defined, they will not be
changed during the mission unless profound and currently unexpected changes
occur in the system. Expressions for evaluating all table entries for both

visible and infrared channels will be presented in a subsequent subsection.

3.4 HOUSEKEEPING DATA EXTRACTION

All of the instrumental housekeeping parameters available are listed in
Table 1-2; the nominal values for the analog parameters are summarized in
Table 2-1. These data are normally processed with the ciher housekeeping
telemetry. The following four parameters, however, are required for the

radiometric calibration procedure and are directly extracted by the preproc-
essors:

o TBP (baseplate temperature)
] TBBI (blackbody temperature 1)
o TBB2 (blackbody temperature 2)
) v

OFFS (offset voltage supply)

The first three temperatures (TBP’ TBBI’ TBBZ) are obtained from the corre-

sponding telemetry voltage values (VTM) by the relation

T'I"M = 332.8817 - 15.556 VTM +1.772 (VTM)Z - 0.1917 (VTM)a

The offset supply voltage (VOFFS) uses the relation

VOFFS = 2VTM - 14.329
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Because all of these parameters are expected to be quite stable physically, an
exponentially decaying averaging process will be applied to eliminate noise
from these observations, Any dramatic change in these parameters in flight
should be regarded with great concern, because it may significantly affect the

processing algorithm,
3.5 SCAN DATA CALIBRATION

The primary instrument data are transmitted from the spacecraft as two
analog signals multiplexed on a signal subcarrier. The scan rate is 14 lines
per second with both the visible (channel 1) and the infrared (channel 2) syn-
chronized to the scan mirror. The data scan format is nearly identical for
both channels and is presented in Figure 3-1. The only difference in format
is that for channel 1 the blackbody thermistor measurement is not reported

and that portion of the scan is blanked out.

During the preprocessing phase the scan lines are synchronized and digitized, i
with the two channels being interleaved to provide comparable infrared and

visible data. Because not all of the data scan is used in subsequent processing,
only six selected intervals are digitized and carried over for further proc- '

essing., The nominal digitizing intervals are indicated in Figure 3-1. The

FRrER .

numbers in parentheses indicate the number of final average values obtained

Y

from the scan line. The 6 significant parameters that are digitized are (1) the

space view, (2) the input calibration staircase, which consists of 7 levels, '
(3) the Earth scan measurement, for which 1500 samples cover approximately

£35 degrees from the nadir direction, (4) the 7 values of the output calibration

staircase, (5) the blackbody view measurement, and (6) the blackbody thermis-

tor measurement. The preprocessor also extracts the current values of seven

parameters from the housekeeping PCM data and includes them with the scan
line data. This set of data provides the starting point for the scan line cali-

bration.
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An overview of the next processing step is provided in Figure 3-2, which is a
schematic representation of the calibration and correction procedure. Starting
from the left of that figure, the scan data just described enter the system in a
scaled count format (0 to 255). Five of the six digitized measurements are
routed to the calibration module; the Earth scan data go directly to the correc-
tion module, In addition to the direct scan data, the selected housekeeping data
(as well as a number of preflight calibration constants) enter the calibration
module, The primary output of this calibration module is the four coefficients
that provide the functional transformation of count values to an appropriate ra-
diance or albedo-related index. That transformation function is then transferred
to the correction module, where it is applied to each of the Earth scan samples,
producing 1500 calibrated indices to the appropriate master output table, which
are then output to tape or other processing steps. Ancillary calibration data
are also produced for special analysis.

Typically, two levels of conversion are applied to the data in sequence. In

the first, a raw voltage count is taken from the data scan and is corrected for
instrumental errors using the calibration staircases to obtain a calibrated

scan voltage. The second level of conversion transforms the calibrated output
voltage to a scaled, physically significant quantity (e.g., temperature, voltage,
albedo) using some physical calibration. To clarify the two steps in the follow-
ing descriptions, the corrected and calibrated voltages are designated by a
subscripted V. The second level of conversion uses variable names suggestive

of the physical quantities involved.

3.5.1 Count-To-Voltage Conversion

The first level of cenversion in which calibrated scan voltages are obtained
applies to both channels in exactly the same way. This step is thus discussed
here before proceeding to those elements that are unique to each channel. The
calibration reference for the count-to-voltage conversion is obtained from the
two calibration voltage staircases that are inserted into the signal in each of
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the channels. The input calibration sequence is injected into the system imme-
diately after the detector and at the input to the preamplifier. It consists of a
set of seven voltage levels, the nominal values of which are 0 to 6 volts in
1-volt steps. The actual values measured by the ITT acceptance test are pre-
sented in Reference 1 and are reproduced in Table 2-2. This calibration sig-
nal allows for correction of any level of drift or nonlinearities introduced iato
the system from the preamplifier or through the amplifier, the telemetry sys-
tem, the downlink, the ground station, or the preprocessor. A second set of
seven calibration steps is inserted at the output of the final amplifier and at
the input to the telemetry system. This output calibration staircase provides
largely redundant information and is used only for amplifier linearity checks

and to calibrate the thermistor measurement on the second channel.

Because the voltage levels could not be measured in the spacecraft system
configuration. the reierence values will be the ITT final acceptance values

(as indicated in Section 3.2). These values will be assumed to be unchanged
during the mission. Table 2-2 presents these measured values for a range of
baseplate temperatures from = degrees C to 40 degrees C. Close inspection
reveals that the variation of the step values with baseplate temperature is less
than or of the order of 0.1 percent of the 6-volt range. For this reason the
nominal values for the step voltage can be considered to be independent of base-
plate temperature, and the average values for all baseplate temperatures have
been used in the calibration processing. These are provided in Table 3-2.

Because of constraints imposed by the rocessing system, it was determined
that a cubic expression would be used to approximate the count-to-voltage
relationship for the calibration staircases. This approximation provides an
acceptable accuracy level for the preflight data., Unless the system changes
dramatically in flight, this approximation is expected to be quite adequate for
the life of the mission.
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3.5.2 Channel 1 Data Calibration (Visible/Near-Infrared Sensor)

As previously indicated, the processing is divided between two modules, one
that performs a recalibration and geucrates functional transformation coeffi-
cients and a second that applies that transformation to each sample in the
Earth scan. The form of the transformation has been established as a cubic
polynomial for both channels, so the correction module need not be discussed
further. The module that requires further explanation, however, is the cali-
bration module that develops the transformation coefficients. Figure 3-3 pre-

sents a schematic representation of this module for channel 1. In this case

the procedure is straightforward, with only two significant elements, The first,

a voltage calibration, accepts as input the seven input calibration steps and
uses a least-squares procedure to fit these values to the nominal voltage values
given in Table 3-2. The resultant cubic expression is passed to the next ele-
ment, where it is combined with a quadratic expression for the albedo index as
a function of calibrated voltage. This lust expression was obtained by a least-
squares fit to the data in Table 2-5. The final expression gives the albedo as
a function of raw count values with all terms beyond cubic discarded. The
cubic coefficients are then transferred to the correction module. Reference
conversions are performed on several additional data elements in the scan for
special analysis on noise and performance. The simplicity of this calibration
is attributable to the fact that there is no onboard calibration of the channel 1
sensor, and therefore the sensor performance is assumed to remain fixed

during the mission. Only the voltage calibration can be introduced into the
processing.

3.5.3 Channel 2 Data Calibration (Infrared Sensor)

Because the infrared detector has onboard calibration capabilities, the cali-
bration module for this channel is significantly more involved than that for the
visible channel, Figure 3-4, a schematic representation of this module,
{llustrates the point. The voltage calibration element functions just as for
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channel 1, accepting input calibration steps and using at least-squares procedure

to fit a cubic polynomial to the preflight data of Table 3-2.

For the second element it is useful to review the relevant features of the in -
strument as well as some of the assumptions made in Section 3.2. When the
calibration data contained in Table 2-7 are reformatted tc use radiance rather
than temperature as an input parameter, the voltage response is found to be

a nearly linear function of radiance. With a slight modification of the Planck

function it is possible to obtain a quantity, R , which is more nearly linear with

voltage, This function, defined by

2
+
€0 €1T + €2T

R = - (3-1)
( 3/T )
e -1

is used as the basic quantity for recalibrating the data., Assumption 4 of Sec-
tion 3.2 implies that this quantity will remain linear with respect to voltage
throughout the mission even if the gain of the detector changes. It is thus pos-
gible to determine the gain by using two known points to locate this line in the
R-V plane. The two points that are gvailable are the near-zero temperature
of space, which is automatically incorporated into the scan reference, and the
internal blackbody, which has a monitored temperature determined by the
baseplate temperature. To set the telemetry range to 260 degrees K to 340 de
grees K, a bias of maguitude VOFF volts is introduced into the system. This
implies that when the instrument is looking at space, the infrared channel has
a true output of -VOFF volts. The slope (RS) of the straight line containing

the space point (-VOFF’ 0) and the blackbody with an R value cf R(T) with
voltage output of V would be

RS- ¥ orp
OFF
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Given the thermistor-measured temperature of the blackbody and the instrument
response to the blackbody, this fundamental relationship is used to recompute

the gain of the sensor.

A more detailed diagram ot the internal blackbody calibration is presented in
Figure 3-5. Starting in the upper-left corner, the first block averages the
measurements of the blackbody temperature that are received from the telem-
etry and from data channel 2 with previously received values using an expo-
nential averaging method. Once a suitably averaged value of the blackbody
temperature is obtained, a correction that is a function of baseplate temperature
is applied. This correction, determined by ITT and verified in the thermal-
vacuum test, is presented in Figure 2-7. It should be noted, however, that
flight data suggest that this correction has changed. This is discussed in Sec-
tion 5.3.2.

The corrected value of the blackbody temperature is used to calculate a value

of R. This value, R is then used in Equation (3-2) to obtain a slope,

’
RS . Combining the eiaztronics calibration with the R relationship, a con-
version from counts to R is obtained, Finally, an index function can be ob-
tained via this result with a scaling function that also converts the R values
to values defined by the Planck function. This last correction is necessary
to effect an easily calculated relationship between the m..ster output table and
T . After the final set of coefficients has been determined, it is transfcerred

to the correction module for processing of the Earth scan samples.

3.6 MASTER OUTPUT TABLES

This section describes the expressions for evaluating the primary and second-
ary table entries for both visible and infrared channels. The master output
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table concept was described in Section 3.3. Section 3.6.1 gives the expression

for converting output indices to the normalized albedo for the visible chanrel

and to equivalent blackbody temperature for the infrared channel.

Section 3.6.2

presents the expression for converting output indices to equivalent radiance

values for both channels.

3.6.1 Primary Tables

3.6.1.1 Channel 1 (Visible/Near-Infrared)

The albedo is proportional to the output index

where A is the albedo, and Ii is the output index, with limiting conditions

Il=0 when A =0,00

I1 =255 when A =1,00

This gives

A = (3.9215686 X 10'3) L

Some sample values are given below:

I

0
100
200

255
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A

0.0

0.392157
0.784314
1.000000
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3.6.1.2 Channel 2 (Infrared)

The Planck function can be written

-5
t
Clk

W\ © Cexp(C,IAT) - 1]

where C'1 = 37418, 44 watts per centimeter per micrometer4

C2 = 14388, 33 micrometers per degree K

(These values are from Reference 3.)

- If

A=11,5um

Al =2.04m

and
AW, (T) = W, (T) A
where T is the temperature, the output index can be defined by

, = AW, (T) + W_ (3-3)

where Wo is a constant, and Iz is the output index for the infrared channel.

Combining constants, Equation (3-3) can be written as

K
L= exp,/T) - 1 Kq (3-4)
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where Kl . K2 and K3 are constants, with

Cq

K2 T 1251. 1591 deg K

Using the limiting conditions
12 =0 when T = 260 degree K

I2 = 255 when T = 340 degree K

Equation (3-4) can be solved for K, and K_ as follows:

1 3

K,
" exp(K,/260) - 1 Ky

K, = -stexp(Kz/ZGO) - 1]

K;
+K

255 = exp(K,/340) -1 ~ 3

[exp(K2/260) - 1]
+1VK

2565 = ) - [exp(K,/340) - 1] 3

Thus

K3 =-118.21378

Kl = 14421, 587

52

w 7T Ly 71 ] , oo
s wﬁt -"-‘-rgr‘:tx- Y il bl TN B A W

 — e = e



Solving Equation (3-4) for T,

K1
exp(K_/T) = +1
2 12 K3
K, Ky
= An I -k +1
2 3
T= Kz
= %
in +1
L -K,
Thus
Ko
i { - }
in + 2
I2 - KS

where K1 = 14421.587
K2 = 1251, 1591 degrees K
K3 = -118,21378
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Some sample values are given below:

2 S

0 260. 000
100 297.468
200 326.198
255 340.000

3.6.2 Secondary Tables

3.6.2.1 Channel 1 (Visible/Near-Infrared)

The HCMR has been calibrated using a source to simulate the effect of diffusely

reflected solar radiation.

The defining expression relating albedo and radiance for a given wavelength as

used for this experiment is
RQ) = 4 B2

where R(A) = spectral radiance (watts per square centimeter per micrometer
per steradian)

A = albedo (dimensionless)

H(\) = spectral irradiance of the Sun outside the atmosphere (watts per
square centimeter per micrometer)

/
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To obtain the effective response over the spectral width of the instrument re-

sponse function (Tl(/\)), a weighted mean of the radiance is obtained from the
expression

)‘2
/ TI(X) RQ\) dA
Al

X
f 27,00 @
A

1

x2
[ TI(A) HQ) d\
A ™M
m

X
f 21,00 ax
X

1

R=

Using the solar spectrum and the response function that was used by ITT in the
original calibration, the following is obtained:

R -

A
7 0.112437

=3.579 x10° % A

where R is the mean radiance viewed by channel 1 (watts per square centimeter
per micrometer per steradian), and A is the albedo (0 to 1.0).

Using the defining relation for the albedo table,

A = (1,/255) = 3.9215686 x 103 L
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the following is obtained:

R =14.035 x 10°° I, watts em um'z ST

where I1 is the index value for channel 1.

The effective mean wavelength is

/ Tl()«) Adx

A= ———— -0.814pum

le(k) da

where the half-maximum points of the response function occur at

X, =0.560 um

and

12 =1,040 ym

and where the instrument response function Tl(x) is given in Table 2-4.
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3.6.2.2 Channel 2 (Infrared)

For this channel the radiance values are obtained by assuming a blackbody

source at the temperature obtained from the primary calibration tabie. This

expression i8 of the form

. where T is the temperature for an output index value of IZ from channel 2,

and K1 . K2 , and K3 are as defined in Section 3.6. 1.

: The mean radiance is then obtained from the expression

A2
[ T,0) WOk, T) dA
A].

X
f 2 T, () d
X

1

W(T) =7

where Tz(k) is the response function given in Table 2-6 for channel 2, and
W@, T) is the Planck function for temperature T .

‘ . The values of V-V(T) or \-V(lz) can be represented in tabular form.

b ———— b

The relationship between I, , the output from channel 2, and W(l) can be
approximated by the following linear expression to better than 0.25 percent:

W) = 4. 823047586 x 10~ + 4. 2097918 x 10~ 1,

i —— o — s D et et e 4 4
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where W is the mean radiance in watts per square centimeter per micrometer

per steradian.

A better approximation (0.1 percent) can be obtained by using the primary table

to obtain T as a function of 1 2 and evaluating the following expression:

C'(11. 33564)’5
1 8

1 - -6

- = X -7.2 X

)= 7 [ ( S ) ] +1,09803 x10 "1, - 7.2 X 10
©XP \ 11335641/ *

The effective mean wavelength for channel 2 is given by

/‘Tz(X) Ada

= ———— -11.3356 ym

/Tz()\) dA

The half-maximum points for the response function occur at

A, =10.50 ym
and
)tz =12.12 ym
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SECTION 4 - INTEGRATED SPACECRAFT
THERMAL-VACUUM CALIBRATION

The integrated AEM-A spacecraft thermal-vacuum test was conducted in
February 1978 at GSFC. A detailed description of the procedures may be
found in Reference 5. Data for the infrared channel were taken at three base-
plate temperatures: hot (33. 8 degrees C), ambient (19.7 degrees C), and cold
(approxituately -2, 0 degrees C). During each of the three cycles, data were
taken for nrine Epply target temperatures in the range from 260 degrees K to
340 degrees K in steps of 10 degrees K. For each target temperature approxi-
mately 5 PCM snapshots, 10 full scans, and 50 partial scans were recorded.
A full scan sequence is described in Figures 1-4 and 1-5. A partial scan con-
tains the data from the Earth scan region. PCM snapshots contain various
housekeeping data, Data was recorded on the Mini-Computer Checkout System
(MICOS) developed by the Eicctronic Systems Branch at GSFC. Processing
was performed on the GSFC IBM S/360-51 and S/360-75 computers. Using

a GSFC-furnished 30-inch-diameter integrating spi-cre, calibration data for
the visible channel were taken outside the thermal-vacuum enviromment on
Juuc2vv 30, 1978, and March 1, 1978, at GSFC. A description of various
processing systems ana a summarv of results are presented in Secticus 4.1

through 4. 3.
4.1 NEAR-REAL-TIME DATA PROCESSING SYSTEM

A processing system to be implemented on the IBM 8/360-91 and S/360-75
computers wias developed to analyze the data recorded on MICOS.
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4.1.1 Infrared Channel

4.1,1.1 Full Scans
The following five steps are performed to process a full scan:

1. Raw voltages are averaged over the appropriate number of samples
for each of the physically significant quantities. The various quantities and

the number of samples used for averaging are us follows:

Quantity Nmber of Samples
Seven input calibration steps 14 for each
Seven output calibratiun steps 74 for each
Space clamp 14
Earth scan (Epply calibraticn target) 30
Blackbody view 62
Blackbody thermistor 74

The root-mean-square /rms) noise for each of the parameters is also calculated.

2, The offset voltage, the baseplate thermistor voltace and the two
blackbody thermistor voltages are obtained and averaged for ali PCM snapshots
recorded prior to the first fvll scan. The baseplate and blackbody thermistor
voltages are calibrated and converted to temperztures (degrees K) using the
fcllowing formulas.

. 56.6 - RV

cv 10.81

'r-z‘:n o i
& l( )

where RV is the raw voltage, CV is the calibra.ed voltage, and T is the

temperature. Coefficients Dl are given in Table 4-1.
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3. Raw averaged voltages for each of the seven input calibration steps,
space clamp, Earth scan, and blackbody view are calibrated using linear inter-

polation or extrapolation. Specificaliy,

VI21+1 - VI2,

RVI2,1+1 - RVIZ.1

CV = VI2, + (RV - RVIZ,)

where RV and CV are typical raw and calibrated voltages, respectively;
RVIZi and VIZi are raw ani calibrated voltages, respectively, for the seven

input calibration steps; and RVIZi < RV< RVIZi+ Raw averaged voltages

1 L]
for the seven output calibration steps and the blackbody thermistor are cali-

brated in a similar manner using the seven output calibration step values from
each scan and the predetermined voltage levels given in Table 4-1, Calibrated

rms noise for each of the parameters is determined by the following formula:

V2, . - VI2
i+1 i
CRMS = (RRMS)
RVIZ, - RVIZ,

where CRMS and RRMS are calibrated and raw rms noise values, respec-

tively, and the othe: quantities are as previously described.

4, Calibrated voltages and rms noise from the space clamp, Earth
scan, and blackbody views are converted to temperatures (degrees K) and noise
equival2nt temperature (NEAT) using the following formulas:

> i-1
T = }; c,(cV)
i=1
2 1-2
NEAT =[E t-1)C,cV) (CRMS)]
i=2
62
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where T is the temperature, and Ci is the appropriate set of coefficients

described in Table 4-2.

Coefficients Di , as presented in Table 4~1, are used for converting blackbody

thermistor voltage to temperature.

5. A summary for all full scans processed is generated in two parts.
The first part contains the averaged calibrated voltage, the scan-to-scan noise
in calibrated voltage, and the calibrated rms noise for each of the parameters.
The second part contains the averaged temperature, the scan-to-scan noise,
and NEAT for Earth scan, blackbody view, and blackbody thermistor. The
difference between the averaged blackbody thermistor and the blackbody view
temperatures (ATBB) is also calculated.

4,1.1.2 Partial Scans

Samples in partial scans represent the Epply target region. Steps 1 through 4
of Section 4.1.1.1 are performed for each partial scan for Earth scan data.

A summary is prepared for Earth scan data as described in step 5.

4.1,2 Visible Channel

Procedures for processing the near-infrared channel data are very similar

to those for the infrared channel. Differences are as follows:
1. There are no blackbody thermistor data.

2. Calibrated voltages and rms noise for space clamp, Earth scan,
and blackbody views are converted to albedo and NEAA (noise-

equivalent albedo) using the following formulas:

A=E, +E, CV)

NEAA = E2 (CRMS)
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where CV is the calibrated voltage, A is albedo, Ei is as de-
scribed in Table 4-1, and CRMS and NEAA are rms noise in

calibrated voltages and albedo, respectively.

3. Signal-to-noise ratio is calculated using Earth scan (visible target)
data.

4.2 SUMMARY OF RESULTS

Tables 4-1 and 4-2 describe various predetermined quantities (based on ITT
calibration) used for analyzing data taken during the thermal-vacuum test at
GSFC.

4.2,1 Infrared Channel

When the infrared signal was converted to scene temperature using the first

set of coefficients Ci determined by ITT, discrepancies between the calibrated
temperatures and the measured temperatures were observed. Deviations for
the hot cycle ranged from 0. 01 degree K to 2, 05 degrees K; for the ambient
cycle, from 0.64 degree K to 1.87 degrees K; aad for the cold cycle, from

0.91 degree K to 2.14 degrees K. Measured target temperatures and the in-
frared signal values were used, and a new set of coefficients C i wag obtained
using least-squares fit techniques. Tables 4-2 through 4-5 contain the signal,
the measured target temperature, and the calibrated scene temperatures ob-
tained using the old and new sets of coefficients for the ichree cycles. Tables 4-6
through 4-3 contain the signal, the measured target temperature, the calibrated
scene temperature obtained using the new set of coefficients, and various noise
values, including NEAT . Values for ATBB (the difference between the bla k-
body thermistor and the blackbody view) are also included. Table 4-9 repre-
sents typical rms noise values for various parameters at all three baseplste

temperatures.

The seven input and output calibration voltage levels could not be measured
during the spacecraft system configuration. However, the data taken during
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Table 4-9. Typical rms Noise Values for Spacecraft Test (Infrared)

rms NOISE (MILLIVOLTS)

PARAMETER
HOT CYCLE AMBIENT CYCLE COLD CYCLE
SPACE CLAMP 26.3 118 9.2
INPUT CALIBRATION 1 86 124 114
INPUT CALIJRATION 2 26 12.8 29
INPUT CALIBRATION 3 12.4 125 25.6
INPUT CALIBRATION 4 21.0 10.9 22
INPUT CALIBRATION § 26.0 133 148
INPUT CALIBRATION 8 5.5 20.9 20.5
INPUT CALIBRATION 7 171 16.0 254
EARTH SCAN 320 114 2.1
OUTPUT CALIBRATION 1 2.7 14.0 236
OUTPUT CALIBRATION 2 20 9.3 10.9
OUTPUT CALIBRATION 3 r7R) 10.1 10.5
OUTPUT CALIBRATION 4 286 9.2 0.0
OUTPUT CALIBRATION § 17.8 13.0 29
OUTPUT CALIBRATION 8 37 178 713
OUTPUT CALIBRATION 7 259 12.7 18.9
BLACKBODY VIEW 18 14.2 20
BLACKBODY THERMISTOR 2.1 124 74
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this test was used to determine the change in input calibration steps relative

to the output calibration steps. All seven raw input voltages were calibrated
uaing the output calibration voltages as reference. The calibrated voltages
were then subtracted from the corresponding input voltage level as determined
by ITT; these are provided in Table 3-2. The step number for which maximum
difference was observed as well as the difference (referred to as ""old minus
new'' in Tables 4~-10 through 4-12) are presented in Tables 4-10 through 4-12.
The tables also include the scan-to-gcan noise corresponding to that step. This
procedure was followed for all three baseplate teriperatures. All differences
noted are within acceptable limics.

4.2.2 Visible Channel

A summary of the analysis on the two sets of data for the visible channel is
presented in Tables 4-13 and 4-14. The tables contain the number of bulbs
that were on in the integrating sphere source, the signal, the equivalent albedo,
and various noise values. Table 4-15 gives typical rms noise values for vari-

ous parameters,

Analysis of the data was also performed to determine the change in input cali-
bration steps relative to the output calibration steps. The procedure adopted
was similar to the one described in Section 4.2.1, Results are presented in

Tables 4-16 and 4-17.
4.3 TESTING OF PREFLIGHT CALIBRATION CONSTANTS

The data taken during the integrated spacecraft thermal-vacuum test were
used to verify the ca'ibration algorithm and the preflight constants described
in Section 3. The data from 10 full scans for all 9 target temperatures taken
at each of the 3 baseplate temperatures were written on 3 disk data sets to be
wnput to a simulation program. Each record of these data sets represents an
infrared scan line and contains the channel 2 items 1 through i4 described in
Table D.1-1a of Reference 4. Item 16 of the table is represented by 1 Earth
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Table 4-10. Comparison of Spacecraft Calibration Data With ITT Data for
Infrared Input Calibration Steps - Hot Cycle (Baseplate Tem-
perature: Approximately 33,8 Degrees C)

TARGET NOISE DIFFERENCE DIFZERENCE
STEP (SCAN.TO. ¥TH RESPECT
TEMPERATURE 2 (OLD MINUS NEW) A

(DEGREES K) NUMBER SCAN) (MILLIVOLTS) T2 6 VOLTS
(MILLIVOLTS) (PERCENT)

260 7 28 17.0 028

270 7 5.7 165 028

280 7 42 16.2 027

290 7 39 169 0.28

300 7 28 17.5 0.29

310 4 76 248 041

320 5 4s 18.9 0.32

330 4 49 203 0.34

340 ‘ 46 20.1 0.34

*STEP CORRESPONDING TO MAXIMUM DIFFERENCE

Fe N
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Table 4-11. Comparison of Spacecraft Calibration Data With ITT Data for
Infrared Input Calibration Steps - Ambient Cycle (Baseplate
Temperature: Approximately 19,7 Degrees C)

TARGE STEP SO TO- DIFFERENCE DIFFERENCE
TEMPERATURE NUMBER® SCAN) (OLD MINUS NEW) WITH RESPECT
(DEGREES K) (MILLIVOLTS) |  (MILLIVOLTS) TO6 VOLTS
260 3 19 9.0 0.15
270 3 1.7 32 0.15
280 3 2.2 85 0.14
290 3 3.0 8.9 0.15
300 7 2.9 9.1 0.15
“ 310 7 34 7.8 0.13
320 3 19 9.1 0.15
330 3 2.7 9.0 0.15
340 3 25 8.4 0.14

3STEP CORRESPMNDING TO MAXIMUM DIFFERENCE
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Table 4-12. Comparison of Spacecraft Calibration Data With ITT Data for
Infrared Input C libration Steps - Cold Cycle (Baseplate Tem-~
perature: Approximately -2,0 Degrees C)

TARGET STEP NOISE (SCAN- DIFFERENCE BN,

TEMPERATURE NUMBER? TO-SCAN) (OLD MINUS NEW) T0 6 VOLTS
(DEGREES K) (MILLIVOLTS) (MILLIVOLTS) (PERCENT}

260 1 8.3 -10.9 -0.18

270 3 6.5 -11.7 -0.20

280 3 43 12,0 -0.20

290 1 8.7 -12.7 -0.21

300 z 1.1 11.5 0.19

310 2 17 10.7 0.18

320 2 14 1.0 0.18

330 2 0.1 10.1 0.17

340 3 5.7 -10.8 0.18

8STEP CORRESPONDING TO MAXIMUM DIFFERENCE
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Table 4-15. Typical rms Noise Values for Visible Channel

NCISE
PARAMETER (SIGNAL)
{IAILLIVOLTS)
SP CLAMP 279
INPUT CALIBRATION 1 283
INPUT CALIBRATION 2 16.4
INPUT CALIBRATION 3 9.8
INPUT CALIBRATION 4 78
INPUT CALIBRATION 5 7.9
INPUT CALIBRATION 6 1.2
INPUT CALIBRATION 7 129
EARTH SCAN 25.9
OUTPUT CALIBRATION 1 26.2
OUTPUT CALIBRATION 2 144
OUTPUT CALIBRATION 3 10.7
OUTPUT CALIBRATION 4 10.6
OUTPUT CALIBRATION 6 8.9
OUTPUT CALIBRATION 6 124
OUTPUT CALIBRATION 7 9.3
BLACKBODY VIEW 39.6
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Table 4-16. Comparison of Spacecraft Data With ITT Data for
Visible Input Calibration Steps (January 30, 1978)
DIFFERENCE
3ULBS NUMBER* - Lo TO 6 VOLTS
(MILLIVOLTS) L (PERCENT)
8 1 1.9 8.4 0.14
8 6 10 -15.5 0.26
7 5 12.7 -14.9 0.25
6 3 a9 -16.9 0.28
5 3 17.4 -18.3 2.31
4 3 6.0 -8 0.20
3 4 45 -136 0.23
2 3 4.0 —-13.1 0.22
1 5 36 -17.6 0.29
o 6 4 -128 0.21
8STEP CORRESPONDING TO MAXIMUM DIFFERENCE
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Table 4-17. Comparison of Spacecraft Data With ITT Data for
Visible Input Calibration Steps (March 1, 1978)
NUMBER OF STEP (Sggr:ns;o- DiF FERENCE v%';: %F:EES';(E:ST
BULBS NUMBER? SCAN) VAR T0 6 VOLTS
(MILLIVOLTS) (PERCENT)
8 4 1.2 20.0 0.33
7 1 1.7 -6.9 0.12
6 2 0.8 -16.7 0.28
5 4 4.0 20.9 0.35
4 4 2.1 19.3 032
3 4 3.5 19.3 0.32
2 4 3.9 209 0.35
1 4 48 18.4 0.31
0 7 7.3 13.1 0.22

%STEP CORRESPONDING TO MAXIMUM DIFFERENCE
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scan value, which is determined by averaging over 30 samples obtained while
viewing the Epply target. The simulation program applies the calibration al-
gorithm described in Section 3 and generates a cubic polynomial for all 10 scan
lines representing 1 target temperature. The cubic polynomial is applied to
each of the 10 Earth scan values (in counts), and the radiance indices are a* -
eraged. The averaged index is converted to a temperature using the formuia
described in Section 3.6. The procedure is then repeated for the next target
temperature. Results are summarized in Tables 4-18 through 4-20. The final
column in each table indicates the difference in the platinum resistor values
from the Epply calibration target and the calibrated value from the HCMR.
Because these differences were minimal, the algorithm and the preflight con-

stants presented in Section 3 appeared to be adequate.
4.4 CONCLUSIONS

Overall, the infrared channel performance was found to be satisfactory and
did not change significantly from the performance during ITT calibration.

Some differences are noted below:

1. Thermal-vacuum data suggest that the sensitivity of the infrared
sensor increased during the hot cycle and decreased during the ambient and
cold cycles as compared to the sensitivity during ITT calibration. Because
the processing algorithm is designed to adjust for a change in sensitivity, this
«does not necessitate changing any of the constants presented in Table 3-2.

2.  Although for a fixed baseplate temperature variations were ob-
served in ATBB as the Epply target temperature varied from 260 degrees K
to 340 degrees K, the aver-3Je values for each of the three baseplate vempera-
tures were not significantly different from the ITT values. The average thermal-
vacuum test values were 0.78, 1.35, and 3.68 (degrees K) as compared to ITT
values of 0,77, 1.60, and 3. 81 (degrees K) for the hot, ambient, and cold tem-

peratures, respectively.
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Table 4-18. Comparison of Calibrated Target Temperatures and

Measured Target Temperatures - Hot Cycle

prprppapeeew PR NBEL S

NOMINAL TARGET MEASURED TARGET CALIBRATED TARGET DIFFERENCE
TEMPERATURE TEMPERATURE TEMPERATURE (DEGREES K)
(DEGREES K) (DEGREES K) (DEGREES K)
260 260.18 260.06 -0.12
270 270.33 270.19 —0.14
280 28041 280.60 0.19
290 280.38 290.36 -0.02
300 300.05 300.06 0.01
310 310.05 310.11 0.06
320 320.16 320.31 0.16
330 330.04 329.98 -0.08
340 340.17 340.00 -0.17
83
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Table 4~19. Comparison of Calibrated Target Temperatures and
Measured Target Temperatures - Ambient Cycle

NOMINA.L TARGET MEASURED TARGET CALIBRATED TARGET DIFFERENCE
TEMPERATURE TEMPERATURE TEMPERATURE (DEGREES K)
(DEGREES K) (DEGREES K) {DEGREES K)

260 260.59 260.75 0.1

270 27037 270.81 0.44

280 230.36 280.55 0.19

290 289.94 290.11 0.17

300 300.30 300.79 0.49

310 310.00 310.50 0.50

320 320.27 320.54 0.27

330 329.57 329.51 -0.08

340 340.13 340.00 -0.13
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Table 4-20. Comparison of Calibrated Target Temperatures and
Measured Target Temperatures - Cold Cycle

NOMINAL TARGET MEASURED TARGET CALIBRATED TARGET DIFFERENCE
TEMPERATURE TEMPERATURE TEMPERATURE {DEGREES K)
(OEGREES K) (DEGREES K) (DEGREES K)
260 260.47 490.00 -0.47
270 270.24 269.64 -0.60
280 280.07 279.64 -0.43
290 289.98 289.92 -0.08
300 300.19 209.98 -0.21
310 310.00 310.08 0.08
320 320.22 319.71 —0.51
330 330.01 330.34 0.33
340 340.10 340.00 -0.10
85
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3. The NEAT values presented in Tables 4-6 and 4-7 were slightly
higher than those observed during ITT calibration (as presented in Table 2-3).
Most of this increase could have been added by the spacecraft and MICOS.

Thus these data suggest no significant increase in the noise coming from the

detector.

4, Tables 4-10 through 4-12 indicate that the changes in the input
calibration step voltages relative to the output calibration voltages were in-

significant.
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SECTION 5 - FLIGHT PERFORMANCE EVALUATION

This section describes the results of the analysis performed by processing the
computer-compatible tapes (CCTs) generated by the Information Processing
Division (IPD) after the launch of AEM~A. Various programs arc used to mon-~
itor the noise characteristics of the data, determine the sensitivity of the sensor

system, provide ground truth comparisons, and test the prefiight constants de-
scribed in Section 3.

5.1 PROCESSING SYSTEM FOR NOISE AND PERFORMANCE ANALYSIS

The processing system for analyzing the data taken during the spacecraft

thermal-vacuum test was modified to analyze flight data. Rather than accepting
input from MICQ?Z, this program takes inpui from an HCMM preprocessor CCT
(F-tape), the format for which can be found in Reference 6. Each record con-
tains raw sensor data, calibration data, and prenrocessor data quality statis-

tics. The system works very much as described in Section 4.1. Major

differences are as follows:

1. Housekceping data are picked from each record rather than from
PCM snapshots.

2. There are no partial scans,

The number of samples used for averaging various physical param-
eters is different, as noted below:

Parameter Samples
Space clamp 12
Input and output calibration steps 12
Blackbody view 30
Blackbody thermistor 30
87
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4, Up to 2000 scan lines can be rrocessed in one run, and a summary

is generated.
5.2 SUMMARY OF KCSULTS

As each tape is processed, a two-page reporting form, the HCMM Flight Tape
Analysis, is prepared. The form contains the rms noise in millivolts for vari~
ous physical parameters, the noise equivalent temperature (NEAT), and various
other temperatures, Noise values from thermal-vacuum data and a preflight
recording are also included for comparison. A sample report is shown in
Figure 5-1. Table 5-1, a sunn.. .y of the analysis performed on the CCTs
received from IPD for channel 2, includes tape ID, Julian dav, type of pass,

NEAT, AT' B’ and minimuin and maximum rms noise in the input and ougput

B
calibration steps. Blackbody view data are used to calculate NEAT.

ATi!B is the apparent ATBB (apparernt difference between blackbody thermir tor
and blackbody view temperature). The blackbody view temperature is obtained
by using the prelaunch measured Cl's for a baseplate temperature of 10 de-
grees C, as taken from Table 4-2. it can be seen that AT'BB changes with
time. This change could be due to a change in the sensitivity of the instrument,

a change in the thermal gradient (ATBB).

from the two conditions, independent ground measurements are needed. This

or both. To separate the contribution

is further discussed in Sections $.3.2 and £ ,4, For the present, the assumption
is made that althcugh thermal gradie:t ATBB may have changed from the
original valua, it remains constant throughout the flight, because once estab-
lished, onboard thermal environment does nnt change. Under this assumption,
values in column 5 of Table 5~1 can be used to obtain the loss in sensitivity rela-
tive to Julian day 131, the day when the infrared channel was operstional. Thus
by day 1983 a loss in sensitivity of approximately 3.7 degrees K (from a rangze

of 80 degrees K} hud occurred. A cubic polynomial was fit to represent loss of
sensitivily as a function of day. Table 5-2 lists the coefficicnts obtained as

well as actual and calculated losses in sensitivity. For days when more than
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Table 5-2. Loss in Sensitivity Prior to Undervoltage Condition

LOSS (DEGREES K)

DAY
{RELATIVE TO 131)
ACTUAL CALCULATED
1 0.0 -0.04
2 0.05 0.13
3 0.26 0.30
5 0.53 0.65
6 1.03 0.82
8 .21 1.16
9 126 1.33
10 1.51 1.50
1" 1.76 1.67
13 2.03 2.01
14 2.10 2.18
15 235 234
16 263 2.51
18 282 284
20 3.09 3.17
22 3.60 3.50
23 3.54 3.68
24 3.70 382
27 4.28 4.29
31 495 491
32 5.10 5.08
39 6.08 6.08
63 8N 8.72

NOTE:

0-DEGREE COEFFICIENT = —-0.208769
1-DEGREE COEFFICIENT = 0.171133
2-DEGREE COEFFICIENT = 0.810015E—-04
3-DEGREE COEFFICIENT = —0.840402E—-08

'y)

>0 s s
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one data point was available, all values were averaged to obtain a single value.
The plotted data is shown in Figure 5-2, After the completion of the recovery
from an undervoltage condition during which the passive cooler door was closed
and the cooler patch warmed to approximatcly 200 degrees K, the instrument
was back to initial sensitivity of day 131. This is suggested by the value -0.67
degree K for AT'BB for day 197. Since then, a loss of approximately 11.2 de-
grees K has occurred to day 302. Data for this period is described in Table 5-3

and Figure 5-3. A linear fit is made to the data in this case.

Table 5-4, a summary for channel 1, includes tape ID, Julian day, type of pass,
signal-to-noise ratio (at 1-percent equivalent albedo), and minimum and maxi-

mum rms noise in the input and output calibration steps.
5.3 MASTER DATA PROCESSOR SIMULATION SOFTWARE

A program was developed that accepts input from a preprocessor CCT and ap-
plies the data processing algorithm described in Section 3 to generate a cubic
polynomial for converting raw counts to radiance indices. This program was
used to study the effect of varying N (the number of scans used for averaging
calibration data, as described in Section 3.2) on the rms noise in corrected
data. It was also used for ground truth comparisons.

5.3.1 Results of Noise Analysis for Calibrated Data

Because very few full scans of thermal-vacuum data were recorded, these data
could not be used to study the effect of varying N on the noise in corrected
data. Initial flight data were used for this purpose. Approximately 200 scan
lines were used. A cubic polynomial was generated for sets of N scan lines,
where N varied from 1 to 10. The rms noise in corrected counts for each
value in the range 0 to 255 was calculated. Table 5-5 gives rms noise for
various values of N for counts 45, 100, 160, 220, and 250 for two tapes; it
also includes noise values for N = 10 for two more tapes. The results indicate
that value of 10 for N is adequate.
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LOSS OF SENSITIVITY IN °K RELATIVE TO DAY 131

T T T T
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1.0

130 140 150 160 170 180 190 200
JULIAN DAY

Figure 5-2. Actual and Fitted Loss in Sensitivity Prior to
Undervoltage Condition
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Table 5-3. Loss in Sensitivity After Recovery From
Undervoltage Condition ‘

LOSS (DEGREES K) ]

DAY :

(RELATIVE TO 197) :

ACTUAL CALCULATED "

1 0.0 ~0.02 !

3 0.30 0.9 !

1

1 0.90 1.04 i

32 3.39 327 ;

51 6.18 5.29 i

54 5.61 5.61 ;

70 1.22 2.3

108 11:22 11.13 B

NOTE: O-DEGREE COEFFICIENT = —0.130374 :
1-DEGREE COEFFICIENT = 0.106229 ‘ )

.-
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Table 5-5. Root-Mean-Square Noise in Calibrated Data

N rmes NOISE (COUNTS)
45 100 l 160 l 220 r 250
TAPE ID: MADOC029
1 0.60 0.70 1.16 1.76 2.06
3 0.21 0.44 0.45 0.68 0.77
5 0.16 0.38 0.27 0.49 0.48
7 0.0 0.36 0.0 0.48 0.53
10 0.0 0.22 0.0 0.48 0.37
TAPE ID: GDS00034
1 0.26 0.58 0.75 1.08 1.21
3 0.0 0.48 0.47 0.52 0.62
5 0.0 0.42 0.48 0.38 0.65
7 0.0 0.32 0.48 0.38 0.42
10 0.0 0.31 0.37 0.41 0.44
TAPE ID: MADOOOSO
10 0.0 0.37 0.0 0.80 0.37
TAPE ID: GDS0O0146
10 00 00 048 o o2
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5.3.2 Ground Truth Comparicons

To validate the data processing algorithm described in Section 3, ground meas-
urements made at White Sands, New Mexico, were used. It s planned to con-
tinue making these measurements throughout the life of the HCMM mission.
These measurements are made in the middle of Elephant Butte Reservoir in
White Sands using an infrared radiometer and at the time of an HCMM overpass.
Data from radiosondes released at the time coinciding with the HCMM pass are
used to derive the atmospheric correction. Work for obtaining the ground meas-
urements and the atmospheric correction was preformed by another contractor.

Details of this word are provided in Reference 7.

Master Data Processor (MDP) simulation software was used for converting raw
Earth scan pixel values to radiance indices. These indices can be converted

to temperatures using the formula given in Section 3.6.1. Satellite-observed
temperatures and ground truth temperatures are presented in Table 5-6. As
indicated in this table, all ground temperatures obtained at White Sands are
considerably lower than the satellite temperatures. Temgperatures from Ches-
apeake Bay and from the Gulf Stream south of Cape Hatteras were also obtained
for comparisons. In these two cases ground truth is closer to satellite-observed
temperatures,

Satellite temperatures were obtained by using the original thermal gradient
ATBB » &8 presented in Table 2-7, It was decided to modify thermal gradient
ATBB 80 that the satellite temperatures and ground temperatures would be
closer. The last two rows in Table 5-6 were not used because radiosonde data
was not adequate. The atmospheric correction was obtained by using the radio-

sonde data from the shore rather than from the middle of the water body.
For each data point, RBB is calculated using the equation
s __ %

Eonrs *Vorr 6 *Vorr
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where R G is the radiance for the ground temperature (obscrved temperature

at the ground-atmospheric cor -ection) cbtained from Planck equation

(0 +€ T+ €2T2
R= - (¢.'s are taken from Table 3-1)
( c3/T ) 1
e -

E G is the calibrated voltage for the pixel represc..ing ground measurement
location, V OFF is the offset voltage, and EBBRZ is the calibrated blackbody
view voltage. An iterative procedure is used to obtain the temperature corre-
sponding to RBB . This temperature is then subtracted from the corrected
blackbody thermistor temperature obtained by using earlier valu.s of of @as
given in Table 3-1). The average for the five differences is 5.24. It was de-
cided to modify the original thermal gradient A'I’BB by 5.24. The vaiue 5.24
is then added to the constant term of the polvnomial (oo) for the hlackbody
temperature correction. Thus the original value of % (3.5309) , as given in

Table 3-1, is changed to 8.7709. Otner ai's remain the same.
5.4 CONCLUSIONS

After launch and a 2-week outgassing period, the HCMR was fully operational
on Julian day 131 (May 11, 1978). During the operational checkout period that
followed, examination of the telemetry and the results from the software de-
scribed earlier in this section led to the conclusion that there were several
minor anomalies in the performance of the sensor. These discrepancies and
their consequences are discussed in the following subsections.

5.4.1 Cooler Temperature Regulation

The passive radiative cooler used on the HCMR to cool the infrared detector
uses a feedback network to maintain the detector at a constant 115 degrees K.
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After launch the telemetry indicated that the control point was 117.8 degrees K.
This value nas remained constant for over 200 days, having returned to the
same value after the cooler door was closed, the cooler warmed, and the door
reopened during a 24-hour period approximately 70 days after initial operation.
An increase in the operating teperature of the detector should result in a
corresponding decrease in detector response. However, other indications are

that the response of the sensor increased after launch.

5.4 .2 Postlaunch Sensor Sensitivity

Independent surface measurements are necessary to compare HCMR sensi-
tivity after launch with the sensitivity determined during thermal-vacuum tests
at ITT. Such measurements, taken at White Sands, New Mexico, are described
in Section 5.3.2 and Table 5-6. Using the values from day 132 (May 12, 1978),
the raw count of 117 is first converted to calibrated voltage and then to tcmper-
ature using the prelaunch measured Ci's for a baseplate temperature of 10 de-
grees C; the values of Ci ,» as taken from Table 4-2, were obtained by fitting
the calibration data of Table 2-7. After adding 0.7 degree K to this value to
account for water-vapor absorption, a value of 299,7 degrees K is obtained;
this is 10.2 degrees K higher than the corresponding surface temperature of

289.5 degrees K. Because the sensor-measured temperature was determined

e

by using the prelaunch ITT curves, thereby circumventing the use of the inflight
calibration blackbody, the 10.2 degrees K higher value was not due to a change
in thermal gradient ATBB (the difference in the thermistor-measured and
radiatively measured temperature of the inflight blackbody). The difference
between the two measurements could be caused by either an increase in the
sensitivity of the HCMR after launch or an error in the surface measurements.
Both possibilities have been examined, and there is currently no reason to
choose one rather than the other.
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5.4.3 Postlaunch Value of Thermal Gradient ATBB

Using Figure 2-7 and the postlaunch baseplate temperature, thermal gradient
ATBB should have been approximately 2.3 degrees C. However, as discussed
in Section 5.2, the apparent ATBB , denoted by ATbB , was found to be ap-

proximately -0.7 degree C for Julian day 132, a difference of 3.0 degrees C
from the expected value. Assuming the validity of measurements from White
Sands, this difference can be attributed to a combination of a change in the sen-

sitivity of the instrument and a change in thermal gradient ATB Using ground

measurement for Julian day 132, the difference in sensitivity (atBthe blackbody
temperature) was 9.0 degrees C, and the difference in thermal gradient ATBB
was 6.0 degrees C. This is consistent with an overall difference of 3.0 degrees
C between the original thermal gradient ATBB and the apparent ATBB ob-
served on Julian day 132. Details of the calculation of the change in thermal

gradient AT are provided in Section 5.3.2. The average 1alue of the change

BB

in thermal gradient AT for five data points is 5.2 degrees C.

BB
5.4.4 Losses in Optical Transmission

As discussed in Section 5.2, flight data indicate a loss in sensor sensitivity with
time. Similar time-dependency is also indicated by the Table 5-7 column rep-
resenting the differences between the ITT-calibrated temperatures and the sur-
face temperatures. As discussed in Section 5.2 and shown in Figures 5-2 and
5-3, this loss in sensitivity was reversible by a warming cycle of the passive
radiative cooler. Therefore, it is believed that this time-dependent loss of
sensitivity is, in reality, a loss in optical transmission caused by the deposition
of water vapor on the cooled optics of the radiative cooler. This loss is com-
pensated for by the calibration software, but it does result in a gradual increase
in the sensor NEAT and will therefore be reversed periodically.
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5.4.5 Compensation for Changes in Sensor Performance

The preceding discussion indicates that a change in the HCMR probably occurred
during launch. That this change manifests itself as an apparent increase in the
sensitivity of the sensor is disturbing. However, because no alternative solu-
tion was available, it was decided to offset the calibrated data to force them to
agree with the surface measurements from White Sands, New Mexico. This

was done by increasing ¢ _ by the average difference of 5.2 in thermal gradient

0

ATBB . The validity of this change will be verified by comparing the data with
the surface values obtained by various experimenters and from additional White

Sands data.
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APPENDIX A

This appendix contains flowcharts, subprogram inter-relationships, functional
descriptions, and source listings for the programs CCTANL, CORECT, and
MDPSIM. Each flowchart presents a broad overview of the program, Functional
description and major logical steps for each subprogram are explained through
inline comment caru:. A description of variables in various COMMON blocks and

NAMELISTS is also included in this appendix.

Program CCTANL is the processing system for flight data analysis described in
Section 5. 1. This program was never designed independently for this purpose. Due

to unanticipated circumstances, software to monitor the performance of the instrument
and ground stations was needed. The processing system developed for analyzing data
taken during the integrated spacecr:ft testing (described in Section 4) was modified
and used for testing flight data. Thus, the methods adopted may not be the best

possible in certain cases.

Programs CORECT and MDPSIM constitute the Master Data Processor (MDP)
simulation software. Program CORECT generates look-up tables for converting
raw counts to calibrated indices for master output tables. Program MDPSEBM
verifies the calibration processing implemented by the MDP. Since many of the
functions performed by the two programs are similar, software was coded so that
certain subprograms including the COMMON blocks could be shared by the two
programs. Common block VALUE is used by both programs, whereas STAT is
used only by MDPSIM. There is one block data subprogram for both of these.
MDPSIM uses a subprogram BCD5 that converts ASCII characters to EBCDIC
characters and is available on SACC (Science and Application Computer Center)

computers.
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PROGRAM CCTANL

Functional Description and Method

Program CCTANL reads a preprocessor CCT and generates certain quantities that
can be used to verify the performance of the instrument in flight and related data
handling systems. The program analyzes data in units of blocks of scan lines. The
user inputs the size of block, number of first block, and total number of blocks to
be analyzed. MAIN first reads through the scan lines to be skipped, and then reads
the first scan line to be processed. Data are transferred from the LOGICAL *1 to
REAL *4 array so that various arithmetic operations can be performed on them.
Counts from the two blackbody and baseplate thermistors are converted to
temperatures. Subroutines CCTAVR and CCTBAS are called to calculate averages
and standard deviations in counts for various physically significant parameters for
each scan line. Subroutine CCTAVR also averages the raw counts for both input and
output calibration steps over the requested number of scans to be used later by
CCTCNV. An option for no averaging is also available. Subroutine CCTCNV is
called to convert raw averages and standard deviations to averages and standard
deviations in volts and physical units (temperature for channel 2, albedo for channel
1). When the number of scan lines in a block are processed, a summary for that
block is generated. The summary contains averages and standard deviations of the
averages and averages of the standard deviations in counts, volts, and physical

units. When the requested number of blocks is processed, a summary for all the
blocks is generated.
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{

READ INPUT
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DESIRED
NUMBER OF
BLOCKS PRO-
CESSED?

READ NEXT SCAN
LINE TO BE PRO-
CESSED. INCRE-
MENT SCAN LINE
COUNTER

!

CONVERT BASE-
PLATE AND TWO
BLACKBODY
THERMISTOR
TEMP. COUNTS TO
TEMPERATURES
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Figure A2 Flowchart For CCTANL (Part 1.) .
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CALL CCTBAS
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Figure A2 (Cont.) Flowchart For CCTANL (Part 2. )
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Tabie A1 COMMON BLOCK CCINF

Variable Dimension Type Definiticn
X 2000 R*4 Sensor and calibration data (one location per sample).
ISC 1 1*4 Starting location in array X for space clamp s. .nples.
IES 3 [*4 IES(n) is the starting location in X for the nth set of
Earth scan samples.
IOUT 1 1*4 Starting location in array X for output calibration
samples.
IBB 1 1*4 Starting location in array X for blackbody view
samples.
ITH 1 1*4 Starting location in array X for blackbody thermistor
samples.
NSC 1 1*4 Number of samples for space clamp and each of the
seven input calibrations steps.
NES 3 I*4 NES(n) is the number of Earth Scan samples in the
nth set.
NOUT 1 1*4 Number of samples for each of the seven output
calibration steps.
NBB 1 1*4 Number of samples for blackbody view.
NTH 1 1*4 Number of samples for blackbody thermistor.
ITYPE 1 1*4 =1, visible channel
=2, thermal channel
NUMES 1 1*4 Number of sets of Earth Scan data to be processed.
(Maximum = 3). .
QDATA 4500 L*1  Array to hold one CCT record. @
QSTR 131 L*1  All elements = character *
FULAV 200,20 R*4 Averages in calibrated volts for various parameters
for one scan line. First index is for scan line, .
Second is for the parameter. !
FULSD 200,20 R*4  Standard deviations in calibrated volts.
RFULAV 200,20 R*4 Raw averages. ;
RFULSD 200,20 R*4 Raw standard deviations. !
PUFLAV 200,5 R*4  Averages in physical units. :
PUFLSD 200,5 R*4  Standard devistions in physical units.
IFULSC 1 I1*4 Scan line counter in a block.
ITMP 1 I*4 Baseplate temperature.
D 4 R*  Coefficients for converting blackbody thermistor
voltage to temperature. '
ISCAN 1 1*4 Counter for the scan lines for which raw input and
output calibration steps have been averaged.
NSCAN 1 1*4 Number of scan lines over which raw input and out-
put calibration steps have to be averaged prior to .
calibration (Maximum = 10). :
NSET 1 14 Counter for sets of NSCAN lines processed.
QTIME 6,10 L*1  STADAN time code.
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Table A2 COMMON BLOCK ANALYS

Variable Dimension Type Definition

ZNAME 20 R*8 Names for 20 physically significant parameters.

A/ER 20,10 R*4 Raw averages for the parameters for one scan line,
First index is for the parameter, second is for scan
line.

SD 20,10 R*4  Raw standard deviation (rms).

cv 20,10 R*4  Averages in volts.

CsDh 20,10 R*4 Standard deviation in volts.

PU 20,10 R*4 Averages in physical units,

PUSD 20,10 R*4  Standard deviations in physical units,

VIN 7,2 R*4  Raw averages for seven input calibration steps.
First index is for step, second for channel,

VouT 7,2 R*4  Raw averages for seven output calibration steps.

C 5,10 R*4  Coefficients for converting IR volts to temperature.
First index is for the coefficient, second for base~
plate temperature.

CVIN 7,2 R*4  Predetermined volts for seven input calibration steps.

cvouT 7,2 R*4  Predetermined volts for seven output calibration steps.

VOFFA 1 R*4  Offset voltage for one scan line,

BPA 1 R*4  Baseplate temperature for one scan line,

BB1A 1 R*4  Blackbody 1 temperature for one scan line,

BBZA 1 R*4  Blackbody 2 temperature for one scan line,
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Table A3 NAMELIST SAMPLE

Variables belonging to one of the two COMMON blocks described previously are not

included.

Variable Dimension Type Definition

NBLK 1 1*4 Number of blocks to be analyzed (Maximum = 10).
NSTBLK 1 1*4 Starting block to be analyzed.

NSIZE 1 1*4 Number of scan lines in each block (Maximum = 200),
NTYPE 1 1*4 =1, process odd records*

=2, process even records

NAMELIST VOLT

All the variables in this NAMELIST have been described in the COMMON BLOCK

ANALYS.

*Ordinarily a CCT has all odd records for channel 1, and even records for channel 2.
Hence, if the user specifies ITYPE = 1, NTYPE should be 1, and for ITYPE =2,
NTYPE should be 2. Occasionally, a CCT has the order reversed. In that casa,
the combinstions to be used are ITYPE = 1, NTYPE = 2, and ITYPE = 2, NTYPE = 1.
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PROCRAM MDPSIM

Functional Description and Method

Program MDPSIM verifies the calibration processing implemented by the Master

Data Processor (MDP). Data is obtained from a computer compatible tape (CCT-RU)
generated by the MDP. This tape contains the input data as well as the output
generated by the MDP. The output consists of certain intermediate quantities and

the cubic polynomials for converting raw counts to calibrated indices. The user
enters inrut parameters through the NAMELIST INPUT. Subroutine MDPRED is
called to read one record at a time, (a single record contains data from both

channels unlike a preprocessor CCT), containing input calibration data. Subroutire
SMOOTH is called to smooth data. When the data are smoothed over the request~d
number of scan lines (N), subroutine INTVAL is called to generate certs.a inter-
mediate quantities and the cubic polynomials referred to above. Subroutine COMFAR
then reads the output record from the tape and compares the outputs generated by MDP
and MDPSIM. The process described is referred to as processing one calibration set.
When the requested number of sets is processed a summary is gener ted. The format

for a CCT-RU tape may be found in Reference 8.

——
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ORIGINAL PAGE 19
C START ) OF POOR QUALITY

READ INPUT
PARAMETERS

'

CALL MDPRED

READ FIRST
RECORD

'

INITIALISE
CALIBRATION
QUANTITIES

INCREMENT SCAN
LINE COUNTER

FALL SMOOTH

=1 SMOOTH
CALISRATION
QUANTITIES

GENERATE CUBIC
POLYNOMIALS
FOR CONVERT-
ING RAW COUNTS
TO CALIBRATED
INDICES

Figure A4 Flowchart for MDPSIM (Part 1. )
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CALL COMPAR

COMPARE MDP
AND SIMULATOR
OUTPUTS FOR THE
CURRENT CALI-
BRATION SET

{

INCREMENT
CALIBRATION
SET COUNTER.
SET SCAN LINE
COUNTERTO
ZERO

DESIRED
NUMBER OF
SETS PRO-

CESSED?

CALL FINAL

GENERATE
SUMMARY OF
COMPARISON
FOR ALL SETS

|
( sor )

Figure A4 (Cont.) Flowchart for MDPSIM (Part 2.)
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Table A4 COMMON BLOCK VALUE

Variable Dimension Type Definition

SCIN1 7 R*8  Smoothed counts from input calibration s-eps for
Channel 1.

SCIN2 7 R*8  Smoothed counts from input calibration steps for
Channel 2.

SCOUT1 7 A*8  Smoothed counts from output calibration steps for
Channel 1.

SCOUT?2 7 R*8  Smoothed counts from output calibration steps for
Channel 2.

EC 3 R*8  Telemetry encoder calibration data.

SCBBR1 1 R*8  Smoothed count of blackbody view for Channel 1.

SCSsC1 1 R*8  Smoothed space clamp count for Channel 1.

SCBBR2 1 R*8  Smoothed count of blackbody view for Channel 2.

SCsC2 1 R*8 Smoothed count for blackbody thermistor for Channel 2.

EBP 1 R*8  Baseplate voitage.

EBB1 1 R*8  Thermistor 1 blackbody voltage.

EBB2 1 R*8  Thermistor 2 blackbody voltage.

EOFFS 1 R*8  Offset voltage.

wS 1 R*8  Calibration scan filter weight (Default = 0. 1)

PWS 1 R*8 1-WwS

ALPHA1l 4 R*8  Coefficients of polynomial giving count as a function
of voltage at input to amplifier on Channel 1.

ALPHA2 4 R*8  Coefficients of polynomial giving count as a function
of voltage at input to Channel 2 amplifier.

ALPHA3 4 R*8  Coefficients of polynomial giving count as a function
of voltage at output of Channel 1 amplifier.

ALPHA4 4 R*8  Coefficients of polynomial giving count as a function
of voltage at output of Channel 2 amplifier.

DELTA1l 4 R*8  Coefficients of polynomial converting raw counts to
be calibrated indices for Channel 1.

DELTA2 4 R*8  Coefficients of polynomial converting raw counts to
calibrated indices for Channel 2.

C 2 R*8 Telemetry voltage correction coefficients.

EBBR1 1 R*8  Blackbody view voltage on Channel 1.

ESC1 1 R*8  Space clamp voltage ~n Channel 1.

EBBR2 1 R*8  Blackbody view voltage on Channel 2.

ESC2 1 R*8  Space clamp voltage on Channel 2.

TBB3 1 R*8  Blackbody thermistor temperature from Channel 2 scan.

TBP 1 R*8 Baseplate temperature,

TBB1 1 R*8  Blackbody temperature from thermistor #1.

TBB2 1 R*8  Blackbody temperature from thermistor #2.

VOFF 1 R*8  Offset voltage.

BETA1l 4 R*8 Coefficients of polynomial giving voltage at input
to Channel 1 amplifier as a function of received count.

119
LA ) T T




Table A4 COMMON BLOCK VALUE (Continued)

|

Variable Dimension Type Definition

BETA2 1 R*8  Coeffieients of polynomial giving voltage at input to
Channel 2 amplifier as a function of received count.

Vil 7 R*8 Predetermined voltages for seven input calibration
steps for Channel 1.

VIZ 7 R*8 Predetermined voltages for seven input calibration
steps for Channel 2.

Vo1 7 R*8  Predetermined voltages for seven output calibration
steps for Channel 1.

V02 7 R*8  Predetermined voltages for seven output calibration
steps for Channe. z.

A 3 R*8  Albedo intensity function coefficients.

TAUL 4 R*8  Thermistor voltage to temperature polvnomial
coefficients for SCBB3.

TAU2 4 R*8  Thermistor voltage to tempe.ature polynomial
coefficients for baseplate.

TAU3 4 R*8  Thermistor voltage to temperature polynomial
coefficients for blackbody thermistor #1.

TAU4 4 R*8  Thermistor voltage to temperature polynomial
coefficients for blackbody thermistor #2.

WwT 3 R*8  Coefficients used in weighted sum of blackbody
temperatures.

SIGMA 4 R*8  Coefficients of polynomial used to correct blackbody
temperature for baseplate temperature.

EPSILN 4 R*8 Coefficients in Planck equation used to convert
blackbody temperature to radiance.

RHO 2 R*8  Polynomial coefficients used to compute offset voltage.

B 3 R*8  Coefficients for converting radiance to calibrated
indices for Channel 2.

vC 3 R*8 A/D conversion levels.

WBP 1 R*8  Filter weight used to smooth baseplate voltage.

wi 1 R*8  Filter weight used to smooth offset voltage.

NTM 1 I*4 Not used.

N 1 1*4 Number of scan lines to be used for smoothing
calibration data (Default = 10).

ICALL 1 1*4 Calibration set being processed.

COUNT 40 1*2 Calibration quantities described in items 1 through
14 in Table D. 1-la, Reference 4 for the current pair
of scan lines.

QGOOD 1 L*1  =True, no I/O error in reading the tape
=False, 1/0 error
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Table A5 COMMON BLOCK STAT

Variable Dimension Type Definition

AVERI1 256 R*8 Average of the differences between the calibrated
indices generated by MDP and the program MDPSIM
for Channel 1.

AVER2 256 R*8 Same as above for Channel 2.

SD1 256 R*8 Standard deviation of the differences between the
calibrated indices generated by MDP and the program
MDPSIM for channel 2.

SD2 256 LK *8 Same as above for Channel 2.

DFMIN1 256 R*4  Minimum of the differences for Channel 1.

DFMIN2 256 R+4  Minimum of the differences for Channel 2.

DFMAX1 256 R*4  Maximum of the differences for Channel 1.

DFMAX2 256 R*  Maximum of the differences for Channel 2,

IAV 1 I*4 Number of calibration sets for which MDP and
MDPSIM outputs were compared.

QTYPE1 1000 L*1 =1, difference between MDP and MDPSIM outputs
exceeded predefined limits for Channel 1.
=0, difference within limits for Channel 1.

QTYPE2 1000 L*1  Same as above for Channel 2,

CURPRESORE S
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Table A6 NAMELIST INPUT

Variable ISETS is defined below, rest of the variables are described in the COMMON
BLOCK VALUE.

Variable Dimension Type Definition

ISETS 1 I*4 Number of calibration sets to be processed
(Maximum = 1000).
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PROGRAM CORECT

Functional Desc »tion and Method

, Program CORECT reads calibration data from a preprocessor Computer Compatible
Tape (CCT) and generates look-up tables for converting raw counts (0-255) to cali-
brated indices for master output tables. These indices can then be converted to
desired physical units as described in Section 3. The user enters input parameters
through the NAMELIST INPUT. Subroutine CCTRED is called to read the records to
be skipped before processing and to read the first pair cf records (one for each
channel). Subroutine SMOOTH is called to smooth the calibration data. When the
data are smoothed over the requested number of scan lines (N), subroutine INTVAL
is called to generate certain intermediate quantities and the cubic polynomials for
converting raw counts to calibrated indices for both channels. Subroutine CONVRT
o is called to convert counts (0-255) to be calibrated indices using the polynomials
K generated. Thus, a look-up table is generated for each set of N scan lines referred
to as one calibration set. When the requested number of calibration sets are pro-
cessed, averages and standard de-iations for calibrated indices are calculated.
Look-up tables, averages, and standard deviations are then printed.
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Figure A6 Flowchart for CORECT (Part 1.)
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CALL INTVAL
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!
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Figure A6 (Cont. ) Flowchart for CORECT (Part 2,)
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Table A7 NAMELIST INPUT

Variables that belong to the COMMON BLOCK VALUE are not included.

Variable Dimension Type Definition

ISKIP 1 I*4 Number of records to be skipped before processing,.

MSETS 1 1*4 Number of calibration sets to be processed
(Maximum = 200).

NFILE 1 1*4 Tape file number containing image and calibration
data.

MST 1 I*4 First calibration set for which look up tables are to
be printed.
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R AV SOF B R Y H = RAV SO UIBt R T 7 TPUL SC R T T T Q00T RTO0"
DO Ta2 J=1.1FULSC 00014800
SOFUL ( IBLK ;[ )=SOFUL (iBLK [ )+ (FULAV(Jel)—AVFUL(IBLK,1) }%%2 0001490C
RODF UL (IEBLK ) =RSOFULC IBLK« I+ (RFULAV( I, I)-RAVFUL(IBLK, [)) %2 0N01S0090
742 CONTINUE 00015100
. RODFJLLIBLK+ I )=SORT(RSDFULLIBLK +I 3/ (K)) 040016200
SUFUL ( IBLK 4 I)=SQRT(SOFUL( IBLK, 1)/(K)) 00015300
745 CUNTINUE 00015400
o=ty iFutec— e s s - R —— v 1 05 8- L 3
VBSV(IBLK)=VE ev( IBLK +FULSD(I515)*FULSO(1419) +(FULAV(1,19)- 00015404
 LAVFUL(IBLK,19 .. 000154006
KBV {1810 K)-':RBBV(IBLK) +RFULSD{I,19)#RFULSD(I,19)+ (RFULAV(I,19)~- C0015408
1RAVFUL (IBLK, 19))%22 00015410
——¥86-- CW&-NUE—-——— — - —— - - e s ————— 000 5% 2
: veev ([BLK)= SQRT(VBBV(IBLK)/IFUl sC) 000.5416
RBbV ( lmx)-soanaasvt IBLK}ZIFULSC) 00015416
N COUNTSEVOLTS - —  — -~ —°~ ST DUUIS5500"
MRITE(8+928) (0STR(J)+J=1,50) 00015000
- 4 938) U it - 00015700
| WRITE(8+928)(QSTR{J)+Jd=1,50) 00015800
! WRITE(8,930) 00015900
DO -750-1=1+20- — - - - S - - - e ——— 30016000
LF(FULAV (1, 1)+EQe=10) G0 TO 750 00016100
WRITE(B8+,931) ZNAME(I), AVFUL(IBLKsI) ¢SOFULLIBLK L), 00016200
2 9K O VCCIBEKS T RSOPUCTIBLXR TS 0
15) 00016400
__,_LJ.O_NI_!!‘_U_E e M el _ . _..__00Q016500
WRITE(8,933) veBV(IBLK)sRBBV(IBLK) 000'6510
CALL L INES{(3) 00016600
| Cos8+0CALCULATE Role AVERAGES FOR -EACK 8LOCK - e e e 30046200
DO 758 I=1.5 00016800
IF(PUFLAV(1,+1)+EQa~-1.0) GO TO 758 00016900
' A AR RA'AA']
AVPUFLU&K.I)=AVPUFL(lBLK.!)fPlfLAV(J.l: 00017100
APJUSDF (IBLKy 1)=APUSDF ( I1BLK +P) 1o ] @ 1Y 8 N —— 1 * 1 J §
_ APySOFLIoL SOF (IBLK, ] )P \FL 00017300
AVPUFL (IBLK s 1 )=AVPUFL ( IBLK.1)/IFULSC 00017400
BLK o IILIFUEC— s e 30047600
DO 757 J=1,,1IFuLSC 00017600
SOPUFL (IBLK oI )=SDPUFL(IBLK 1)+ (PUFLAV(J:sI)-AVPUFL(IBLK, I))*s2 00017700
ToUTT8OU
SOPUFL (1BLK »I)=SART(SDPUFL(IBLK 1)/K) 00017900
00 747 I=1,IFULSC 00018002
PBBV(IE.K)ZPBBV(XBLK)OPUFLSD(IoQ)OPUFLSD(l.‘)o(PlfLAv(l.4)- 00018004
——AVRUEL LKA ) ) . .. — 20018006
747 CONTINUE 00018010
PBBVIIBLK)=SORT(PBBV(IBLK)/IFULSC) 00018055
——000TBTOO"
DO 760 lll.lFULSC 00018200
8 =BASEAV(IBLK)*BASEPLCYY 2001
60 CON INIE 00018400
BASEAV(IIBLK })=BASEAV( lBLK)gilll.SC 00018500
- o) —00031-8600-
WRITE(9,938) 00C18700
WRITE(80928) (QSTR(J) +J=]1,50) 00018800
Cr»++++WRITE PoeUe AVERAGES 00019000
D0 759 l-l.s — o
«EQe-1+0) GO YO 755 [T
-RII’E(Bo‘DJl) ZNMIE(IND(N).AWUFL(ISLK.!)-SDPLFL(IBLK.I). 00019300
C++++4+PRINT S/N FOR VISIBLE CHANNEL 00019500
IF(ITYPENEe1,0RsI.GT¢3) GO TO 7359 019600
LR R4
WRITE(8.940)RATIO 00019800
' . K 19910
WRITE(8,931) ZMN&.BAS&AV( IBLK) 00020000
FUITYPE.EQ.1) GO TO 761 00020200
c»onwnlul’ DIFF BETWEEN BB TH §88 vt:u 00020300
, 00020900
1 WRITE( 8,939) DIFF 00020800
TEO=sAVFUL I IBLK,19)/(AVPUFL (IBLK5)~26040) e ;
1 ]
L GO0 10 763 00020000
130
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N9MAR79 18,5942 ~ VOL=DISKOG6s DSN=ZEMMB.LIB.CNTL

761 SIGTION=1.0/APUSDF{ IBLK ,4) 00020900

- T T - T T 0002 /00
763 WRITE(B,92%) adru 00021100
CALL L INES(20 00021200
CHe+++REINIT IALISE VARIABLES BEFORE PROCESSING NEXT BLOCK 00021300
762 IFULSC=0 00021400
cee . _NSET=0 00021410
GO YO & 00021500

780 NBLK=IBLK-1} 00021600
ALt —BLOCKS— - T - - T e ot st 0021700

CH++++4F [RST IN ~0u~ts & VoL TS 00021800
1000 DO 810 I=1, 00021900
FlFULAV(], IS.EQ.-I.O) GO TO €10 00022000
TOTAV{1)=0.0 00022100

— e TO0ISD{$)=0.0 - .- Q0022200
TOTSDOA(I)=0.0 00022300
RTOTAV(1)=0.0u 00022400
PO~ - T T T e - 00022300

RTTSDA(I1=040 00022600

gg gg% _ 20022700
rf“lorAvrl)oAVFu-lJ.l) 00022800

TOTSDA(I)= TOTSDA(I ) +AVSOFL( Jol) 00022900
1)04SDEULLJ+1)8SDFULL Jal)- — - 00023000
RTOTAV(I}=RTOTAV(I)+RAVFUL(J.]I) 00023190
RYTSDA(I)=RTTSOA(I ) +RAVSDF(J+1) 00023200
R TOTSO I I=RTOTSOt I PR SOPUL T IS TV IR SOFUL T IS T —OU0Z3300
800 CONTINUE 00023400

13 =TQT7 I 00023500

T 'Tg{g%*%fr=¥ﬁ# 1{ )/NBLK 00023600
RYOTAV(I)=RTOTAV(]I}/NBLK 00023700
m.allsom; ANBLK - - e e — 00023800 -

805 J=1, 00023900
rarso(l)zrarso(x)o(AVFUL(J.x) TOTAV(]I))s%2 00024000

T RTIOTAY(L ¥ o2 V002% 100

805 CONTINUE 00024200
RTOTSD (I)=SQRT(RTOTSD( I)/NBLK} o ) 00024300
TIY=SORT{TOTSD{1)/nNBLK) 00024400

810 CINVINUE 00024500
e D2 815 J=lUNBLK . A — . 7. V. -7 V¥ -1
TVBBV=VBBV(J)#VBBV(J) ¢ (AVFUL (J+ 19)—TOTAV(19) ) 42+ TVBBYV 000245904

TRBBY=RBBV (J ) *RBBV (J) + (RAVFUL(J+19)-RTOTAV(19) ) *%2+TRBBV 00024506

0TS CONTITNUE 00028308
TVBBV=SART(TVBBV/NBLK) 00024510

!R??E:SSET(IBEE!/NBEKI e m e e Q0024512
CorertruRr A AGES In COUNTS & VOLTS 00024600

WRITE(8:926) (QSTR{J)sJ=1+25) 00024700
- e i e e e e e e 00024800
WRITE (8, 926) (QSTR(J) ¢J=1,25) 00024900
IRI'E(9.9ZB, (QSTR(J) e J=1,450) 00025000
IRIIE(80928) (QSTR{ J) s J=1 ,50) 00025200
. MRITE(8:930 T . ___ po0925300
21 % — 00025400
lF(FULAV(l-l)oEQ--XoO) GO TO 820 00025500
TE(B.931) INAMELI) o TOTAVLI)»TOTSO(I),TCTSOAGLY — — 1
12 ZNAME (1) RTOTAV(I) (RTOTSO(L}RTTSDACL) 00025700
820 CONTINU o 00025800
oV ‘A4 N
CALL LINES(2) 00025900
Coe++¢CALCULATE MAX EMIN RMS NOISE IN CAL STEPS IN MV L 00026000
5O 825 I=1,7 00026100
1F(TOTSDA(I+1) JLToVMINI) MINI=I-1 00026200
S 00026300 -
IF(TOTSDACI+1) oGT.VMAXI) MAXI=I-1} 00026400
VMAXIZAMAX1( VMAX T, TOTSDACS+1)) 00026500 .
vnngo—antu:(vunnn.ro:soatx;:::)l N 00026700
F T A X . e '
— — RIS e R - - 8900
825 CONTINUE 00027000
VMAX [=vMAXI®1000 T/ 00027200 '
VMINO=VMING1000 00027300
v0UZ7OU
WRITE( 8. -+ 9) vuxux.n::l 00027500
MINO - 00027700 "
WRITE(S.952) VMAXO,MAXO ooozraoo}
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CALL L INES(2) 00027900
wRITE(B,928) (QSTRUJ) 4I=1.50) oo 00028000
WRITE(3,938) 50028100
WRITE(B2928) (USTH{J),J=1,50) 00028200
WRITE(8+930) 00028300
C+e+ 4+ +CALCULATE P.ULAVERAGES 0002854090
DJ 840 I=1,5 00028500
IF(PUFLAV(1,1).EQe-140) GO TO €40 00028600
TPUAV(1)=0.0 00028700
- -rousuntl)—o o} - "~ 90028800
TPUsL(I)=0 00028900
DU B30 J= NULK 00029000
TOUAV( 11=TPUAV (1) +AVPUFL(Js1) 00029100
T2USJOA(L)=TPUSCA( 1) +APUSDF(Js1) 00029200
TPUSD(I)=TRUSOLI) $SDPUFL(Je1 )ESDPUFL(J,1) 00029300
830 CUNTINUE 00029400
TRPUAV( 1) =TPUAvV(I)/NBLK 00029500
- ITPUSDAtII=TPUSDAL 1 I/NBLK T T T 00029€°0
JJU 835 J=1,NBLK 00029700
TAUSOC I)=TPUSO(I)+(AVPUFL(J, [)-TPUAV(I)) *¥%2 00029800
835 CUNTINUE 00029900
TRPUSD(I)=SQRT(TPUSO(I ) /NBLK) 00030009
840 CONTINUE 90030100
DU 841 J=1,NBLK 00030102
T28BV=PEBY (J)$PBBV (J) ¢ (AVPUFL(J+8)-TPUAV (4)) %2+ TPBBY _ 00030103
- 3%t CUNTINUE- - - s=s T - YOU30I06
1PBBV=SQRT(TPBBV/NBLK ) 00030108
T3PA=0,.,0 00030200
D0 842 I=1,NBLK 00030300
TSPA=TBPA+EASEAV(I) 00030400
842 CONTINUE- - - - 00030500
TUPA=T BP A/ NBLK 00030600
Cree++uRITE PeUs AVERAGES 00030700
-- - 850 t=ts8—— - - - - - - — = e — QOO 30 B0V
IF(PUFLAV(1s1)+EQs—1.0) GO TO 850 00030900
) WHRITE(B8,931) ZNAME(IND(L) ) TPUAVII) TPUSD(1) 4TPUSDA(]) . _ Q0031000
850 CONTINUE 00031100
WRITE(8,933) TPBBV 00031110
- WRITE(8:931) ZNAME2,TEPA c o e 40031200
IFCITYPEL.EQs1) GU TO 860 00031300
C+#+++CA_CULATE BB TH-BASEPLATE,BB TH-BB VIEW IN P.U. 00031400
——— eI PF=TPURAY (ST =THPA— ~ — - 00031500
WRITE(89932) DIFF 00031600
DIFF=TPRUAV(5)~TPUAV(4) - -~ Q0031700
WRITE(8+939)0DIFF 00031800
RATIO=TOTAV(19)/(TPUAV(5)=-260.,0) 00031900
WRITE(8+947) RATIO - 20032000
60 TO 1100 00032100
860 SIGYON=1.0/TPUSDA(4) 00032200
—ERITECETINRN SICTON - — - ——-- " oo sow o i e e GO U 32300
1100 STOP 00032400
_ 900 FORMAT (1X, 'END OF DATA',1S) . B L .- Q0032500
910 FURMAT (213) 00032600
920 FORMAT (1Xe*I/0 ERROR®,15) 00032700
---92% FORMAT (1Xs131A1) - -~ - - - 00032800
926 FORMAT (S4X,25A1) 00032900
927 FORMAT(///54Xs * SUMMARY FOR BLOCK',14) 00033000
— 92 PURMAT (25X BORTF —— -~ -~ - ——— ————=-- - - ——- - —_ 00USIT00
930 FORMAT(II;:X-:FUNCYION'-Z;.'AVERAGE'-SX"§.D. o7Xe®AV SeDe's ooosazgg
. NCT 1ON Xy *AVERAG SXy 'SeDe®y7Xs'AV SeDe*) . _ 0333
o3 ' PORRAT Y% ASN 32878, 3R TAGS 133y - 88833388
932 FURMAT(1Xy *BE THERMISTOR-BASEPLATE='F9,4) 00033500
033 FORMAT (28X oF9e4,58XeF 9 eh) e e - -~ 00033510
934 FORMAT (25X s *CAL IBRATED £ RAW AVERAGES FOR FULL SCANS(VOLTS) *) 00033600
938 FORMAT (25X 'PeUs AVERAGES FOR FLLL SCANS') 00033700
ORMAT (1 X * BB TIHERMISTOR=88 VIEw=*,F8,4)y ~— —— —— -~ ~—-——————-00033800"
900 FORMAT('*’onx.'S/NS'.Flzoo) 00033900
. FORMAT (54X ,7 g . m_.“mrggq;aoo
" FORMATY {S4X, ¥ CIN'QIStZX.'TINE"2K06ZZ, 03410
946 FORMAT (///54X, *FINAL SUMMARY *) 00034200
. QAT FORMAT (1Xe 'SENSITIVITY. QUOTIENT *4Fl0e4) - - - .- 00034300
948 FORMAT (1X¢ *S/N(BB VIEW-1X EQUIVALENT) '4F10.4) 00034400
949 FORMAT{1Xe *MIN INPUT CAL RMS NOISE=® FBels "MV*2Xs'2%,11,+'V") 00034500
PORMAT-C1 X3 SMAX -INPUT—CAL™ RNS “NOISER® ,F 8, 1 "MV & 2X i * 0% F Tt 7oV r——0003%600 "
95) FORMAT (1Xe *MIN OUTPUT CAL RMS NCISE=® ,F8ele' MV 2Xe @', J1,°V?) 00034700
952 FORMAT (1 Xs *MAX OQUTPUT CAL RMS NCISE=* ,FO.1¢"MV'32Xe*'a%,11,°V?) 00034800
END 00034900
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v/

OYMARTY l4enIed42 — VUL=DISKCEHy OSN=ZEMMH.LIHa CNTL

COPPECTPCLTEREEC PP LP PP PP L PP P LA L RR AR AR RRRRER 3424244322233 FFF+F00000005

CHee+45UBKUJTINE CCTAVR 00000007
Cevvr++RUIUTINE TO SET START & END LUCATIUNS FOR X ARRAY FCR 00000100
CHe+ ¢+ CALCUL ATING AVERAUES & STANDARD DEVIATIONS FOR VARICUS 00000200
Core e+l YPES OF SAMPLES.IT ALSO PRINTS RAWL,CALIBRATED &P U Q0000300
CE*Eb e b AVERAGES E£360e5AVE AVFEFRAGES £S.D(CALIBRATED EP.UERAW) FOUR 00000400
Ceet++ ALCULATING AVERAGLS WHEN ALL SCANS ARE PROCESSED 00000500
Cettt s 11715778 V0000600
CHe+r+OCVEL IPED BY MedewIRA s COMPUTER SCIENCES CORPORATICEN T T T T 00000700
CHEEE+ P EHEH 4144302044142 0003404140220 4 0444400040434 0 4404440044444 4400000710
SUBROUTINE CCTAVR 00000800
IMPLICIT LOGICAL#1(Q) Q00000900
KREAL®3 ZNAME 00001000
LCOMMON/CCT INF/X(2000) 80001100
CUAMUNZ/CCT INF/Z ISCLLESC2) s IOUT o IBB JITHINSC,NES(3)  NOUT JNBB ,NTH, 00001200
1ITYPE 4 NUME S 00001300
s —COMMUN 7CCT INF7ODRTA(AS500) QS TR 131 ? T T -~ T TT000018%00
COMMIN/ANALY S/ ZNAME(20) 00001500
CUMMON/ZANALYS/AVER(20410)450(204,10),CV(20,10)+CSD(20,10), 000Q1550
®«3U(20, 10),PUSD(20,10) s 00001600
IVINC?2)sVOUT(742)sC(5s10)+CVIN(T42)CVOUT(74+2)+VOFFA,BPA,BB1A, 00001650
2BUB2ALFULAV(200420)+FULSD(2004+20)+sRFULAV(200+20) +RFULSD(200+,20) 00001700
3PUFLAV(200+45) sPUFLSD(200+5) s IFULSCoITMP,D(4) s ISCANSNSCANGNSET, 00001750
AuT iMEL 64+ 10) 00001800
S - DIMENS {ON T ISMP (7Y, SNE3 .10) ,INMD( %) o T TS T T T TTTOU002000
VATA IND/9s10s1141320/ 00002100
Ce+ee ¢+ INILALISE VARIABLES 00002200
IF(I3CANGNEL.L1) GO TO 130 00002210
DO 120 I=1,20 00002220
VU 120 J=1 +NSCAN 00002230
AVER(I +J)=-1,.,0 00002240
SAHIedd=-1.0 00002250
ettty Y=t — - - - o o - T - e T T 0002260
CSD(1,4Jd)=-1.0 00002270
PU(l»J)=-1.0 _ 00002280
PUSDIT vJ)=~140 00002290
120 CONTINUE 00002300
00 122 I=1,47 - 00002310
VIN(I o ITYPE)=0.0 00002320
VOUT( L ITYPE)=0.0 00002330
122 CONTINUE — - Tt T T T T T 900023%0 -
Cee+ ¢+ CALCUL ATE RAW AVERAGES CALIBRATED AVERAGES ,CONVERT TO PHYSICAL 00003500
C+¢+++UN]TS FUR VARIUUS PARAMETERS . 00003600
C+++++SPACE CLAMP EINPUT CAL 00003700
130 J4=0 00003800
- L0 200 I=1.8 - — - -- - 00003900
M=NSC- 00004000
IBEG=] SC#NSCe(I-1)+4 Q0004100
——tEND= I BES e — — et e Tt T s e — 00008200
J=J+1 00004300
CALL CCTBAS(IBEG.IEND,J) o 00004400
IF{I.EQ.1) GU TO 200 00004500
VIN(I-1,ITYPE)=AVER(1+ ISCAN) ¢VIN( I-1,ITYPE) 00004600
200 CONTINUE- . - - - - 00004700
IF(1SCANGNESNSCAN) GO TO 220 00004710
DO 205 I=1,7 00004720
- IN{ T IV YPEI=VING s I T YPEY ANSCAN - - T e 00004 T30
205 CONTINUE 00004740
D0 210 _1I=1,8 - _ 00004800
" CALL CCTTCNV(I) 00004900
210 CONTINUE 00005000
e —— -~ L SMRL 1 )= - - - - - 00008100
CH+e++¢EARTH SCAN 00005200
220 J=86 00005300
—~————t FtNUNESSETTO)r GO-—FO 265 - -- - - - - - - T T T 00003400 -
DO 260 L=1,NUMES 00005500
J=J¢l X ..00005600
M=NES(L)-6 00005700
ISMP(L +]1)=M 00005800
18EG=1ES(L)¢3 00006900
LEND=1 BEG#+M-1 00006000
CALL CCTBAS(IBEG,IEND, J) 00006100
ANY—GO0 TO" i —00008TTO0—
CALLSgCTCTV(J) gogg:gog
N= 3
IFIS D(Jo )-E0.0.0) PUSD(JeM)=1,0 '08006300
SN(LsM)2PU(JsM)/PUSD(J M) 00006310
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230 CUNTINUE
~——260 tonFinuE -
CHe++400TPUT CAL
265 J=11
DI 300 I=1.7
¥=NOUT -8
I1BES=10UTH+NOQUTS(1-1) ¢4
IEND=IBEG+M-1
J=J+1
—_ ———CACECCTHASHIBEG, 1 ENDS J)

VOUT(1.ITYPE)= AVER(llil'lb(AN)OVOUT(I-IYYPE)

330 CJUNTINUE
IF(ISCANNEJNSCAN) GO TO 310
VI 302 I=1,7
- - VUUTL L T TYREI=VOUTL L. 1TYPE DI/ NSCAN
302 CUNTINUE
1SMP(S5)=M
— 00 305 =t t8 —— - - -
CALL CCTCNVI(I)
305 CUNTINUE
"T#++++0LATKBIDY VIEW
310 J=19
— — . Mz=NBg3-20 -
IBEG=1I88+10
LIEND= IBEG+M~-1

CALL CCTBAS(IBEG.ICND.J)
AFCISCANNE«NSCAN) GO TO 320
CALL CCTCNV(J)
Coe++e8LACKBODY THERMISTOR
- JZOWJELgIXPE-EQ-Jl LU 1O 330
J=2
M=NTH-20
1+9E6=1 et o—————
LEND=1BEG+M-]
ISMP(T7)=MN
T T T T CALL CCTBAS(IBEG,TIEND, J)
IF(ISCANSNE «NSCAN) GU TO 84S
———e - CALL CCTCNVLJI)
330 lF(lSCAN.NE.NSCAN) GO TO 845
DO 500 M=]1 +NSCAN
Trvt=t¥78r - ~—-
I I=SNSETSNSCAN+M
. WRITE(6+944) ILI.(ATIME(IsM)el=1+6)
‘WRITE(6,942) (QS5TR(1),1I=1,78)
C#++++4PRINT INPJUT CALS
cm e MRITELH+956) VOFFA.BPABBLlABB2A
CALL LINES(1)
WRITE(6:¢922) (VIN(KIITYPE ) eK=147)

WRITE(6,952) (SD(KeM) K=2,8)
o WRITE (60922) (CV(KsM) K=2,8)
“WRITET6,952) ITSDIK M) oK=2,8)
CALL LINES(1)
Cee424PRINT_OUTRPUT CALS
WRITE(6,926) avour(x.rvaE).x=1.7)
WRITE(6,950) ISMP(5)
——— ——WRIFE OV ISR DM R B O — —— -
WRITE(64926) (CV(KeM) K=12,1E)
.. SRITE(6,952) (CSD(K.M),K=12,418)
CALL LINES(IY
WRITE(6,912)
CestseRRINT_SRACE CLAME.
WRITE(6:920) AVER(1oM) oCV(1eM)oPU(L M)
WRITE(6,950) ISMP(1)

CALL L INES(1)
Co++++PRINT EARTH SCAN
“IFINUMES.EQ.0) GO TO 460
00 450 L=1,NUMNMES
- . -~ JFLAVER(L$8:,M),EQs-160) GO YO 4S50
GO TO (420+430+440),L
420 WRITE(6+923) AVER{

00000400
000065C0
V0006600
J0006700
00006800
00006900
00007000
00007100
00007200
00007300
Q0007400
00007500
0007510
Q0007520
00007530
00007540
00007600
S © 00007700
00007800
00007900
90008000
00006100
00008200
00008300
00008400

cT : 00008500

00008609
00008610
00008700
00008800
00006900
00009000
00009100

T T T TS T T 100009200

00009300
00009400
00009500
00009510

- 90009600
00009610
00009611
0000961 2
00009614
00009616
00009618
00009700

- - 00009800
00009900

00010200

‘ .. ._ 00010300
00010400

00010500

- 00010600
00010700

00010800

00010900
00011000

- - - 38811483

00011300
-00011400

———— R TE T 9SO SNt

WRITE(6¢951) SD(9,

N_xr(ntvps.so.xt “WR1
GO'T 50

430 nnlrE(o.ozo) AVER(

00011600
. 00011700
P PUSO(tyt) - — - 00011800

00011900

; - 00012000

00012100

00012200

- - - -00012300

00012400

g:n’.cv(9.nb.Pu(9.u) 00012500
-7

M)eCSD(9eM) sPLSD(9. M) 00012700

TE(6+954) SN(1.M) ...__...__DOOL1280O

0012900

10eM)eCVI10eM)PUCLOM) 00013000

00010000
00010100 -
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oiciNAL PACE 1S
AF PNOR QUALITY

OIMAR7Y 1445942 - VUL=DISKO6s USKN=2BMMB.LIB. CNTL

wrITL{6,7350) 1L4P(3) 00013100
- e c e wRITECO,99T) SD{10.M) L, CSDLI0M) ,PUSD(10,M) - 00013200
IFCITYPEEQel) WRITE(6,6548) SN(2.M) 00013300
wJd TJ 450 00013400
480 WRITE(0492S) AVEK(11+M)4CVIL114M),PU(L]1,M) 00013500
WRITE(6,950) ISMP(4) 00013600
wrITL(6+951) SD(ll,M).CSD(l:.M).PbSD(Il.M) 90013700
IFCITYPEeEUSL) WRITE(6,5$54) SN(3,M) 00013800
450 CUNTINUE 00013900
——— —€Att t INEStHY - - - e - - TTs T -/ - 00018000
CH++¢ #+PRINT BLACKBUDY Vitw 00014100
460 IF(AVER(19,M),EUs—1.0) GO TO ATO 00014200
WRITE(64928) AVER(19sM)eCV(194M)PU(194M) 00014300
WRITE(6+950) ISMP(6) 00014400
WRITE(64951) SDI19sM)eCSO(IPM)PUSD(19,M) 00014500
CALL L INES(1) 00014600
Cee+ ¢4PRINT BLACKBUDY THERMISTYOR 00014700
— 70 IFPLAVERLI20iMI.FAs~1.0) GO TO %00 - o T T U DDO0T4800
WRITE(6¢930) AVER(204M)4sCV(20eM),PU(20,M) 00014900
WRITE(6¢95Q) ISMP(7) 00015000
WRITE(6,951) SO(20,M) +CSD(204,M) 4PUSD(20,sM) 00015100
CALL L INES(1) 00015200
_CoeeeeLALCULATE AND PRINT DIFF. BETWEEN BB TH & 88 VIEW - 00015300
IF(ITYPEJEQs1) GO TO S00 00015400
DIFFT=PU(20,M)—PUL LI, M) 00015500
C-WRITE(G,993) DIrFT - - - e AN o 3¢ 402 81201+ 4
CALL LINES(1) 00015700
500 CUNTINUE _ 00015710
Cots#+4SAVE AVEKAGES £5.0.FOR CALCULATING AVERAGES 00015800
C#++¢+AFTER ALL SCANS ARE PRCCESSED 00015900
- .- 0J 840 I=1.20 - - 00016000
DU B840 J=1.NSCAN 00016002
FULAV(NSETSNSCAN+JS,[)=CV(I,J) 00016100
— UL SO NSET PNIC AN T HI=C0t vy Iy - — - —— - - - — e e ———— Q0018200 -
HFULAV (NSET®NSCAN+J, 1 )=AVER(1,J) 00016300
RFULSDINSETENSCAN®I 1) =SD(1,J) B _ _ . 000}]649Q0
‘840 CONTINUE 00016500
DO 841 I=1,5 00016600
. —DU-841_J=] 4NSCAN - e e o - - 00016602
PUFLAV (NSETSNSCAN 1)=PU(IND(I),J) 00016700
PUFLSD(NSETSNSCANe ,1)=PUSD(IND(I)J) 00016800
iaies -1 2 —_— T T s ST ST s e e 00U TE9 00 -
NSET=NSET+1 00016910
o USCAN=0 . L . e . -_ . Q0016920
845 RETURN 00017000
C 900 FORMAT(1Xs10F10.4) 00017100
912 FURMAT (23X +"HAWL, 1 3Xe "CALIB' 49X 4 'PelUe’) - 00017200
920 FORMAT ('0° ¢ *SPACE CLAMP *,3F16,4) 00017300
922 FORMAT ('0°,* INPUT CAL 'o7F14 .4) 00017400
~ =~ 92T FURMAT S0 THEARTI SCAN- 1 —¢ ;3P 16 ) ——— —~ = - - 00017300
924 FURMAT (*0° 4 *EAKTH SCAN 2 ',3F 16.4) 00017600
925 FORMAT (*0° s 'EARTH SCAN 3 ',3F16.4) . B . i 00017700
926 FORNAT('O'.'OUTPUT ‘CAL Y, 7F14.4) 00017800
928 FORMAT('0','8B VIEW 193F1644) 00017900
O30 EURMAT (0, 188 THERMISTOR ! 4 IFL0ed) - - e e e - —— 00018000
942 FURMAT (54X 78A1) 00018010
944 FURMAT (54X s SCAN’ ¢ 152X+ *TIME®,€622) 00018020
sttty r—— — s e —00018100"
951 FonnAr(zax.J('('.Fe.a.')'.6X)) 00018200
_ 952 Foanu(zox.u V(' FBede')", Y _00018300
953 FORMAT (Y0',78B fﬂEhﬂlSTon-BB leu-'.Fa.A) 00018400
9548 FDRMAI’('#'.?OX.'S/N-' W1Fl2.4) 00018500
e 956 FURMAT (L Xy LN=OFFSET='eF10644+'(V)*2Xe 'BASEPLATE=1,E10 o4+ '(K )Ly - -- - 00018600
12Xe 'BBIT='eF 10689 (K)"92X,'BB2=*,F10.4,'(K)*) Q0018700
END 00018800
88 END OF MEVBER s%s 220 RECORDS PROCESSED EISRB SRS SR SEES USRS ELESEEESE S S
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ORIC'™AL PAIT (9
OF PCOR QUALIT{

QIMARZY 184.59e42 =~ VOL=DISK06, UDSN=2BMMB.LIBCNTL

EPVP P F T E P T C CE P P EP TP AP PP P PEECP L 4P PT L L PP PP PP PP P PR P AL PG L L4 ¥ 24200000100

C+¥+ ¢ ¢5UBROUTINE CCTBAS 00000200
Ceeves 2/22/1%/ Q0000300
CH+++++RUUTINE TO CALCULATE A /ERAGES & STANDARD DEV IATICGNS 00000400

C+e++4UF SAMP_LES REPRESENTING VARIQUS PHYSICALLY SIGNIF ICANT PARAMETERS 00000500

C 1UEG=START LOCATION OF X ARRAY FOR ThE PARAMETER BEING PROCESSED 00000600
c IEND=LAST LOCATIUN OF X ARRAY FOR THE PARAMETER BEING PROCESSED 00000700
C J=INDEX CORRESPUNDING TO THE PARAMETER HEING PROCESSED 00000800

v T . . S eeees ——— 00000900
C+++ ¢40EVELUPED BY M.BEWTRA , COMPUTER SCIENCES CORPCRATICN 00001000

COO#O#&OQOO!f"*&f#ft&f&&#&f04006000’000000+0+b0000000+0*000000+00#0600400001IOO

-—-uw e e e oe .

SUBRUUTINE CCTBAS(IBEG.IEND,J) 00001200
IMPLICIT LOGICAL®] (Q) 00001300
- . - REALXZ INAME 00001400
CUMMUN/CCTINF/X(2000) 00001500
CUMMON/ZCCTINF/ZISC,1ESC 2), lour. lBu.xm. NSCoNES(3) s NOUT \NBBJNTH, 00001600
-_— —— - —— - ~- 00001700
CAMMON/CCTINF/QDATA(4500) ,QSTR( 131) 00001800
o COMMONZANALY S/ ZNAME (20) Q0001900
TUMMON/ANALYS/AVER{20410) 4SD(204+10) ¢CV(20510)+CSD(20510)¢ 00002000
*PU(20+10),PUSD(20,10), 00002100
e —AVINGZe2) o VOUT (T e2)oCIS+10)eCVIN(T+2) oCVOUT(7 s2)+s VOFFA,3PA,B881A, 00002200
2BB2AFULAV (200,20) ¢4 FULSD( 200 +20)+RFULAV(200,20)¢RFULSD(200¢20) « 00002300
3PUFLAV (200, 5).Pu-'Lso(200.5).[FULSC.HMP O(4) s ISCAN,NSCANWNSET, 00002400
— O (eTIO0 e o sTeTT—TT 90002300
C WRITE(6.900) IBEG, IEND»J 00002600
C . WRITE(6,910)_ (X(1),[=IBEG,IEND) 00002700
"AVER(J s ISCAN)=040 00002800
SV(Je ISCAN)=0.0 00002900
e - N LEND~IBEGH] - - - 00003000
Ceet++CALCULATE AVERAGE 00003100
DU 100 E=IBEG, IEND 00003200
——AVYERtI = TSCANYEXCT)Y — - ctT T s T e 00003300~
100 CONTINUE 00003400
C WRITE(6+910) AVER(J+ISCAN) B 00023500
a TAVERTJJISCANY=AVER(Js 1 SCANI/N 00003600
C WRITE(64910) AVER(JISCAN) 00003700
L . - MRITELG6.,900) N - .. -00003800
Coe+¢+CALCULATE SeD. 00003900
DO 200 I=IBEGIEND 00004000
= I AYVERt ¢ ISCANY ) *¥2 - -~ ——————— — 0008100
200 CONTINUE 2 00884208
< __ TE 0) S0(Je1 I Q000420
‘%J. ¥§<%A _SORTISD J.ISCAN)/(N)) 00004400
Cc WRITE(6,920) SD(J.ISCAN) 00004500
KETURN - 00004610
C 900 FORMAT (1X,316) 00004700
C 910 FORMAT(1Xs12F10.6) 00004800
XFeP2O e y——— — "~ - o - - 00008900"
END 00005000

%66 END OF MEMBFR %$+¢ 50 RECORDS PROCESSED SIS S REBAEE RSP SEE L ERE S SSEE SRS
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SRIGH AL PACGE 19
FOPCOR Q”AL!TY

OIMAKRTZY 1459442 ~ VIL-DISKCHs DSA=ZBMMB.LIB. CNTL

L PP PP I P S ST TPV PSP E PSSP L PE PP L TP T TR 4 LR PE LRI TR AL PP ERPLFESHREFF$#4+00000100

CH+4¢+5UBRIJTINE CLTONV 00000200
Ceev e 27227719/ 00000250
CHet++45JUBRUJUTINE TU CUNVERT FROM RAW TO CALIBRATED VOLTAGES J0000L 300
CH+ee+4AND THEN TO PHYSICAL UNITS 00000400
L JEINUDEX FUR ThE PARAMETER BEING PROCESSED 00000600
00000510

C&&f#tDtVELOPED BY M.OEWTRA , COMPUTER SCIENCES CORPORATION 00000600
VPP F I T 